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USE OF WATER BY NATIVE VEGETATION
By

Arthur A. Young Y

man
Harry F. Blansy w\

CHAPTER 1

INTRODUCTION

vmaon water by a number of speoies of native vegetation, as '

atic oonditions, and some of the results of similar investi-

uwoum by other agenoies. Such studies have been ocarried on for .
Ny years.
¥ It is not the intention of the authors to minimize the

iue of vegetation as its growth on mountain watersheds, &8

aot considered as wasted. The molsture requirements of the
=uww muocun cover are satisfied before water becomes available !
other purposes. In considering the water mzwvwﬁ of a reglon,

nanoum the difference betwesn unmonu»am&»ou and run-off plus

'and iwawu that these data on use of water by netive vegeta~-
i° are presented.
The usefulness of such data ars recognized by administra-

irs and investigators in reglons where water rights are in n»mr

ite locally, or where interstate water supply end water use are

‘4in balancs. Valley or dmnwu,»uqomﬂwmmﬂpoum to determine a

Assoclate Irrigavion Bngineer and I Huu»mwa»om\mwwunmau.

e mmmeent i an Sarrico
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proper aivision of the supply between oontending uses peed first
of all a knowledge of the amounts consumed by orops and native
vegetatlion; without .such data there is little 1ikelihood that re-
sults of »ﬁ<omapmm¢905m oan be final. Moreover, in plannlng new
irrigation projeots, consideration must often be given do.npwnauu
ences in amounts of water used by irrigated orops and those used
by the natlve vegetatlon replaced by the orops. These differences
largely determine the extent of the available water supply and
show how much must be obtalned from other sources.

By "Use of water," the title of this report, wgonsumptive
use® is prinoipally jntended. Consumptive use, sometimes oalled
=m4mwo|auwumwpumwwou.d is the sum of the volumes of water used by
the vegetative growth of 8 glven area in transpiration or building
of plent tissue and that evaporated from adjacent soll, snow, or
intercepbed precipitation on the area in any specified time. If
the unit of time is small, such as & day or week, the oonsumptive
use may be oxpressed in aore-inches per aore or aawnu in inoches;
whereas, 1f the unit of time 1s large, such &8 & orop-growing
mmmmon or e 12-month year, the consumptive use may be sxpressed
in aore~-feet or depth in nmaer Such terms 88 niprigation require-
ment" and "water Hmnﬁwumamuﬁ.z gsometimes used to deslgnate,
respectively, the. quantlty of irrigation water applied to orops,
or the total. quantity including rainfall required for their ﬂouﬁmw
and profitable production under fisld conditions, inolude BOmM®
unavoidable loases by nmmu percolation. Such losses are not in-
cluded in the definition of consumptive use; whioh designates only
the unrecoverable portion of the water supply.’

Investigatlons by whioh consumptive use i1 apoertained do
not involve the determination of amounts of water ngvaporated from
ad jacent soil, anow, Or intercepted vuoo»epamepou on the-area,”
since such gvaporation is diffioult -- often impossible -- to
asoertain and of no partiocular interest as a separate element 1n
the total unrecoverable portion of the waber msmeq. Opn the other

vawd +ha ralation of consumptive use to evaporation from water in

sather Bureau pan is of some signiflocance, as both wuaxfaﬁmﬁ.
”Bnmn‘c% the same factors: of temperature, wind, and humidity; and
4roummm consumptive use determinations are available to represent
a striotly limited number of loocalities, evaporation records are
.&W»Pmcwm for many and ¢an be established quite readily for more.
Wheh estimates of consumptive use are needed for localities where
pnmouapﬁweuoum have not been made, available evaporation results
nmw therefore ussful if both evaporation records and ooumcabﬁpqm
=rw results are also avallable from other mummm having ocomparable
Mrwawaemupmauom. A disoussion of such opportunities is found in

the ohapter headed "Relation of Consumptive Use to s<muouma&au.r

, Extensive work in regard to native vegetation has been
oarried on by the Division of Irrigation, d:wemn States Depart-
.went of Agriculture, in cooperation with the Division of Water
.Jao:uomm. Department of Public Works, State of California, and

.nu.ou the results of the investigations have been published in

previous reports of the latter office. Inm this bulletin these

uwmdpocmpﬁ published data are assembled and analyzed 1n assooia-

e»mu with the results of similar studies by the Division of Irri
uma»o: W\ in other sections of the West. These studies mmmouﬁwu.
onwwq inoluded those undertaken by the Division of Irrigation in
the Upper Rio Grande Basin in cooperation with the States of

: aovoumno. New Mexioco, and Texas under an agreement with the
mna»onwp Resources Committee. In Colorado, the Division ocooper-
rwon with the Colorado Agricultural Experiment Station with regard
to grasses, sedge, sweetolover, tules, sunflowers, and weeds.
YPWoipmo. 1t cooperated with the Orsgon Agricultural Experiment
ftation in determination of water consumed by gresses and native
wipnoz lands in south-ocentral Oregon.

The cooperative field work lm southern California had been

oarried on under the general supervision of Harry F. Blaeney, by

Y, o 8011 Jonservation Servios om July 1, 1939 “OOK over most

? the irrigation investigations formerly conducted by the Bureau
Fof Agrioultural Engineering.
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Young, assisted by Dean W. Blood-~

golin P. emqwon and Arthur A.

good, Dean ¢. Muokel, and Harry G. Niokle. In the Sacramento~

in-Delta, f£ield work was under the supervision of the

, CHAPTER 2

: San Joagu
;ﬂ 1ate 0. V. P. gtout, asslsted by Lloyd N. Brown.

s gtudy only a fow of the
qf Obviously, it has been possible %o ¥

o the West, partly on account of the airfi-

RELATION OF PLANT COMMUNITIES
* TO MOISTURE SUFFLY

The relation of plant communities ao moisture supply is

L meny specles pnative &
W, culties of ennumwpwuawbm or growing the large
;K a number of wesbterm moist-land species aboutb

one of the outstanding characteristics of the growth of natural
r types in tanks.

vegetation. While ‘individual species are largely restricted to

There are, however, & at favorable physical environments, the prinoipal conmdition that
cially with regard 0

whioh & great deal has been learned, e8pe Y .  vorns tho e op meeiatrey gootnn 1o ohe e

3 tity of water each will oconsume am

: their water hablis and the quen

available moisture. Bach species responds to individual water
ing in unusually moist

“ | undes speotfiet condivions: ients S In conditions for its most favorable growth and its widest distri-
soil consume annpually more than an average amount of water. n ,

bution. As expressed by Shantz nmmy.W\ "Oone of the most mnwommmu
on the other hand, $yploal vegetation is adapted :

_

desert areas,

ful correlations yet attempted is that between plant assoclations
! .
o an auaumam esconomy in its use of water. Between these two

1t types are meny gpeoies that oonsume varlable quantities nmwounpnm

and the water content of the soil. This correlation ..... has

been acoepted and modified by leading mamwompmem and has proved
It is apparent that there is peldom 8

RS

on the supply available. one of the most useful generalizations in the study of vegetation.”
ﬁ e

ve vegetatlomn.
cefinite vatOr umnﬁwamsmna for most Jwap : Temperatures, moisture, and the chemical and physical

iproperties of the soil are contributing factors in the distribu-
vaon of natural vegetation. However, the quantity of water avall-
ble for plant use and the effeoct of plant growth on supply, are
n,wuowe interest to the hydrologist. Boil texture and salinity,
wwtopp as moisture oontent, have been oonuawmemn with distribu-
o: of native growth as indicators of the mnmuamw»wpaq of un~
.wnmuvmn land to agriocultural possibilities; but to those 1nterest-
pAwu water supplies, rather than soil, the oonsumptive use of

ter by natural <omm«ma»ou and the residusl water avallable for

tovery are of greater soonomic importence than other oharacter- uu
L5
ties.

Powmen (6) bas sald: "It 1s’'found that each specles of

-ue requires its own specific water mcumwe for most favorable
m»«»on of growth and that the quantity of water in the soll

a greater influence than any other condition on the distribu-~

on of plant speoies.” In the absence of ground water, then, the
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is
distribution of the groab regional types of desert vegetation

in
determined by the 1imited amount of wumo»wwﬁwapou whioch falls

a glven region. )
The effeot of environment on the distrivution of plants is

. =|
well recognized, those pest adapted to resist the unfavorable ©O

. 8
ditions of & region veing the most guccessful in surviving Al

tated by Weaver {37) "The natural vegetatlon, for many genturies,
8

has been gorted out bY climete as well as by soil in the wuooomm
The various: spescied of plents pave usually in-

ow qulite definitely dls-

of development.
habited & region 80 long that they are I N
tributed with relation to the snvironmental complex, specles we

. hus
adapted to & glven environment now ocourring in gbundance. T ’

ts
the growth of pative vegetation becomes & measure of the effeoc

nb
of all the conditions whioh are favorable Or unfavorable for pla

high
uuomcoawob.= This 1s wwua»oﬁwnawq true in arid regions where hig

water
rates of evaporation and transpiration, and a very 1imited

v v v B~
supply, have reduoed egotation to a eritable struggle for exl
]

tence. . .
Again, according to Warming (36), "No other jnfluence OX

rnal
presses 148 mark to suoh a degree upon the internal and exte

mﬁHgOU:HQm OH ﬂwu@ UPpuﬂ as does the goan——w of iﬂ.ﬂQH UHQWQHHG in the

ooord
air and soil." It appears, them, that authorltles are in a

. tin
on ‘the goil-molature plant distribution relatlion. Contributing

1s0
faotors as ﬁmaﬁmﬂﬂﬂﬁﬂm- altitude, UCEHQPﬂg mﬁ9m4QMOHD¢PDU a
9

ter
must be considered, but thesae are mo.pﬁ&mu&mpmamn with wa

supply that the effeots are not always aiscernible.

e
Natural <mmm¢wapon grows under moisture oconditions that ar

but
always changlng. Plants that do nobt subsist on ground water

bun-
depend upon moisture held by the soll particles may have an &

. Ground
dant supply at one time and suffer a goarcity ab another

wet
water fluotuates and roots 1o contact with it are alternately

Y vap-
d dr . mOPH el Pm ur i vaﬂﬂm—ﬂﬁ =UO~._. WHQQHUP.ﬂﬂ.ﬁPouw G‘ﬁ e P
an . oisture g de

uneven
OﬂﬂﬂHOd. ﬂHﬂd@ﬁPHﬁéPOﬁ_ ﬁ&HOOHDﬁHO§. and HﬂﬁlOWH cause its v
!

In arid areas moisture is retained in the upper soil hoeat
zon, and the vegetation is confined to those speoies which are
adapted to extreme economy of water. In areas of greater preoipi-

tation, deeper penetration results in plant roots drawing upon &

greater volume.of soll moisture. In low places a conoentration of

moisture takes place and ground-water areas support those plants
whioh use more water then dry-land plents. Finally the water-

loving plants, living with their uooaw in water, are large ocon-

_sumers of water.

DROUGHT-RESISTANT PLANTS

fustodd A AL et le b e e

Certain plants are qualified to inhabit desert areas where
temperatures are high and preoipitation is low. These plants
have guarded themselves against excesslve transpiration in order
that they may conserve the limited supply of moisture available.
This economy is accomplished, in part, by reduoing the area of

“the transpiring surfage through size of the leaf or in limiting
the amount of folisge. In some instances the plant lives through
the dorment season by storage of moisture in suooulent tissues.
In others, modifiocations, as hairs on the leaves, waxy surfaces,
or olosing or oconcealing of stomata are employed to prevent ex-
oessive transpiration.

Hu<wm¢wmmwpoum of desert growth by Canmon (9), have shown
three different systeme of roots developed by perennials in their
struggle for survival under arid conditions. First, the spreading
type of lateral roots whioch are common to many cacti; second, the
long tap root which not only helps to anchor the plant agalnst
winds, but draws moisture from depths below the surface; and third,
a generalized type which combines the other two, onabling the

plant to take advantage of all the moisture in the soil to a depth

of several Teet. The creosote bush (Covillea mwcapuommv is an ex~

ample of the generalized systems whioh probably accounts for 1ts
rather wide distribution under varying conditions of moisture.

Desert growbth inocludes many plants um¢»um varylng water




generally ons dominant speoles is voma adapted

Generally these species

requirements, bub
to the prevailing conditvions of rainfall.

will bve found in widely scattered regions where much the same oOn-

In other areas, the dominant species

dition of rainfall exists.
hich in turn will dominate as

in assooistion with others W

may be
avorable to thelir growth.

moisture conditions bvecome more f

Changes such as these are shown in Table 1, which indiocates the

relation of &mawmumﬁcumm and rainfall to some of the prevailing

types.

Although rainfall is a matter of record in most looalities,

arding the limlts of soil moisture upon

put little is known Teg
Statements of the moisture

whioh the flora of the desert survive.

percentages in a given soll are of little value unless the physi-

he soil are 1ikewlse known,
r available for plant

oal properties of % as the peroentage

cate the gquentity of wate

alone does not indl
£ the wilting peroent-

For this purpose moisture in excess 0
y that the plant may ex-

use.
age 1s a better indioator of %the quantit
wpermanent wilting vmnoouﬁmmaa has been

traot from the solil.
) as "the lower limit of

definsed by Veihmeyer and Hendrickson {35

readily available soil Bo»mdaum.= In agrioulture this is the

soll-moisture condition that 1limits the aotivities of plents. In

the case of desert growth, the plant gurvives, bub remains dor-

mant during long periods of nowpo»m=mq and resumes growth when

new moisture 18 recelived.

H»B»ﬁmn investigations in the Coachella Valley, GCalif.,

{26) found creosote bush, ohamiso (Atriplex canescens) and desert

sage growing in areas having extremely 1ittle avallable moisture.

re in the soill ranged from 2.2
but by the following

In the spring, moistu

the wilting point to 3,5 per cent above,

g had deoreased to as much as
In the Gila Velley, Ariz., {26) muoh
Investigations wu the Tooels

aubtumn these amount 8.0 per oant

pelow the wilting point.

the same condltlons were observed.
Artemisia tridentata),

valley, Utah, (15) showed blg sagebrush (
(er totaw ammeartifolia). kochia (Kochis vestita), and

per ocent below

RELATION OF TEMPERATURE AND PRECIP
TYPES OF SOUTHWESTERN DESERT VEGET

Prevailing type of
natural vegetation

Desert sage
(Atriplex polycarpa)

Desart sage and
oreosote bush

{Atriplex polycarpa
and mo<HHmmm m_ﬁmul
nosa) —

Creosote bush
{Covillea glutinosa)

Desert grass and .
oreosote bush
{Covillea glutinosa)

Creosote bush and
Yucoa-cactus
{Covillea glutinosa

and Yuoca mohavensis -
Ferocactus and -

Opuntia bigelovii)

Desert grass
Short grass
Chaparral

TABLE 1

Locality

Death Valley, Calif.
Indio, Calif.
Calexlco, Calif.
Meocca, Calif.
Salton, Calif.
Mohawk, Ariz.

Las Vegas, Nev.

Bagded, Calif.
Yuma, Ariz.
Barstow, Calif.
Sentinel, Ariz.
Aztec, Ariz.
Gila Bend, Ariz.
Qasa Grande, Ariz.
Maricopa, Ariz.
Phoenix, Ariz.
Mesa, Ariz.
.H.OBV@ § Ariz.

Needles, Calif.
Mojave, Callf.
Parker, Ariz.
Logandale, Nev.
Lone Pine, Calif.

~El Paso, Tex.

Sierrs Blanca, Tex.
Lordsburg, N. Mex.
Deming, N. Mex.
Socorro, N. Mex.
Alamogordo, N. Mex.
Willoox, Ariz.
Carlsbad, N. Mex.
Douglas, Ariz.

Florence, Ariz.
Tueson, Ariz.

zpawmudcuw. Ariz.
Congress, Ariz.
Cabazon, Callf.

Mean

ITATION TO SOME PREVAILING
ATIONL/

annual Annual

Eleva~ temper- precipi-
tion2/ _ature am¢HOWM\
Feet °F.  Inches
-178 75 1.45
- 20 73 3.00

0 71 3.18
~185 71 3.27
-263 - 3.36

538 Th 3.57
2033 6l L.51
784 72 2.28
141 72 3.33
2105 63 L.10
685 71 .57
L92 70 4.81
737 72 5,90
1400 72 6.89
1186 71 7.03
1108 70 7.43
1245 68 8.65
1165 67 9.31
L77 72 L.b
2751 6l r.mm
350 69 5.07
1400 65 5.42
3728 56 5.69
3778 64 9.05
4512 o= 9.45
k245 61 9.54
4331 60 9.66
4600 57 10.13
L250 61 10.92
4200 60 11.21
3120 63 13.03
3939 62 13,71
1500 69 10.04
2423 67 11.50
2072 65 10.5
3688 67 Hu.mw
1779 -- 10.96

T/ After Shantz and Plemeisel .ww
m“ Minus sign denotes below sea ww¢mw.

3/ Rainfall taken fro
ocontaining climatic da

inclusive.

m C

limatic Summaries of the United States
ta from the establishment of gtations to 1930,
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literature on the subjeot deals inadequatsly with the uwchKWm of

O e e LS

bvig greasewood (Sarcobatus 4mnE»o:deamv growing under similar

- plant growth, root syst : -
condltions. P g » [} ystems, transpiration losses, soil types, al

The extenslve primitive grassland communities of the Great kali oconditions, and their relation to underground waters. BSuch

plains did not support a unifarm vegetation. The rainfall of the literature as exists is fragmentary and treats of these subjeots,

eastern portion moistens the ground to a depth of several feet, - if at all, more or less individually. IMeinzer (19) and other in~-

promoting & a»mnwbodwqm cover of prairie grasses 1 to 5 feet in vestigators, however, have assembled from various sources much

height. Characteristioc of the region, ms llsted by Weaver (37), information in relation to ground-water plants and the depths at

sre the bluestem grasses (Andropogon) whioh supply the bulk of which they seek moisture.

Many desert plents have been listed by

the wild wumpupm hay, the ﬁwww.umn»o grass (Panioum <pnmmassv. them as indicators of ground water.

tell marsh grass {Spartine migheusziana) which also furnishes an

et e

The opportunity for such growth to send its roots to water

abundent follage, and other plants. is naturally limited, as ground water in the desert is usually

There is likewise & distinotion between ground-water plants Jbeyond the reaoh of the root systems of plants. ‘204ouewopomm.

that feed upon ¢resh water and those that are tolerant of water certain areas exist where it may be found.

These are mostly 1n

slightly alkaline Plants of this type are more or less salt- the vioimity of surface lakes or desert playas (dry lakes) where

resistant. Saltgrass (Distiohlis gpicata) is an important unlit water is reasonably olose to the surface.

SIS

Because of soll evapo-

in this group. It is found often in areas of shallow water table, ‘pation, areas overlying high'ground water are likely to be strong-

the limit of depth from which the roots may draw moisture depend- 1y alkaline and the vegetation which they support is of the salt-

tng upon soll type. Being a salt-resistant plant 1t is not an resistant type.

oxcessive user of water, and suwomm the water table is within 2k Ground-water areas are generally in the lowest portion of

to 30 inches of the ground surface the water trenspired will prob- a region. As the terrain rises towards the surrounding hills and

ably be less than tpat required by most cultivated orops. distance to water table inoreases, vegetation changes from the

In many Hoomwuewmm.m:occpmsﬁm are ldentified with alkaline aalt-resistant succulents to the more bushy and woody types which

conditions resulting from areas of high ground water. have roots developed for obtaining water from greater depths.

Riparian vegetation, &8 alders, syoemores, and ocottonwoods, :This arrengement lnevitably results in lrregular zones of vegeta~

growing in ocanyon bottoms where the roots are fed by percolation | tion arranged in the order of the ability of the roots o' reach

from the stream bed, uses large amounts of water. Sespage from the ground-water levels.

Exceptions oocour, however, where perco-~

irrigation canals often feeds the roots of willows, cottonwoods, . lating water from springs or ocoaslonal flows in normally dry

sweetoclover ﬂzowppowﬁm sp.), and other ditohbank vegetation.

pE LMo S

- ghannels furnish a somswhat inadequate water supply for a precar-

Such growth is sometimes troublesoms in osnal menagement. . lous growth.

In the absence of comprehemsive fisld studies relating to
INDICATOR VALUE OF GROUND-WATER PLANTS

wmeuo subjeot, & complets audmpom of ground-water plents and the

The -value of many specles of arid land vegetatlon as indi- i depths to which their roots may go to seoure water beoomes im-

cators of ground water has long been recognized in the geologloal uomu»awm. Nevertheleass, the relation of certain plent species

nd botanical {nvestigations of southwestern desert areas, yet to water levels in the soil have been more or less adequately
A ;
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jos and for aifferent soils. Tor &

referrsd to the

determined in various lo0alit

more complete desoription of these the reader is

various publications uowww»:m.do this subject.
e aps the complete range of depth to which

Only & generallz-

od 1ist is here possibl
roots extend has not been guffioliently determined, the same

speoles having more extensive root gystems under some spoil and

. t8
molsture conditlons than under others. The texture of soil, 1

capeolty for oapillary moisture, its permeability to ralnfall as

affected by soil type, slope, and surfaoe conditione {12) in addi-

tion to the smount of unmowupdmwpon. are important factors In

determining the 1imits of depth +o whioh roots mey exbend.

Studies of the relation of mesquite {Prosopis) %0 ground
(8) and otbers, have definitely placed 1t as 8
pth limits.

water, by Brown
-water plant that grows within a wide range of de
s of south-

ground
mal habitat of mesquite growth ls the lowland

The nox
n deserts, bub 1% grows well alsa in other regions having

1t is sometimes found in

wester
altitudes of from 2,000 to 3,500 feeb..

4 areas where the
uplend draws at some distance from the lowlan

water table 18 not too far below the surfaos.

Mesqulte thiockets ocoupy the 1owest valleys where ground

water is most readily available and gsuch oonditions mey produoce

trees from 10 to 40 feot in helight. A8 depth to water inoreases

until usuelly 1% 0eases

the mesquite gradually diminishes in slze

to exist where depth to ground water exoesds 4O %o 50 feetb. Suoh

@mmwwm are unusual for muosuoxswwma plants. of it, s & desert

plant, Spald

armed with spines, and its coriaceous leaves are well vuoamaﬁom

against excessive yranspiration.

water supply than many -of 1ts agsocliates, yet well adapted to the

ive bumidity of the desert air, and its ooour
corresponds with this peculiarity.

low relat

148 own speocial ATOB, sosreos

Thus it is, in 8 gense, 8 desert plant, yet ons of high water re-

pcpuwamua.‘, characteristics whioch it shares with verious other

ing hes written: (28) nIt (the Emmpcpﬂmv is oommonly
It is a plant requiring a better

rence beyond

Saltgrass 1is another plant found in many reglona i:mmmawd
is recognized as evidenoce of shallow depth to water table. 1In
1ight sendy solls saltgrass grows where the depth to water does
not exceed 6 feet and in heavier soils 11 feet. It is 'sometimes
found in pure communities but more often in assooiation with other
ground-water vegetation. Investigatlions in the Owens Valley,
Calif., by Lee (16) showed the first scanty appeerance of salt-
grass to be where the depth to ground water was 8 feet, with more
luxuriant growths in areas of shallower depths. White (38) re-
wouﬂm,mupamummm meadows in the Escalante Valley, Utah, where water
is within & feet of the surface; the growth ls thin and in assooi-
ation with greasewood, rabbitbrush (Chrysothamnus mun<oowoumv or
piokleweed where the depth ranges between L and 10 feet. In the
Santa Ana Valley, Calif., it grows where the ground water is from
3 to 12 feet below the surface, depending upon soil type and drain-
age conditions.

The distribution of saltgrass depends not only upon ade~
quate soll moisture reasonably near the surface but also upon soll
conditions favoresble to its growth. It 1is seldom obsgerved sumao
the soil does not contain a moderate amount of alkali. Where the
salts beoome excessive, however, white spots appear in what arse
oe:m&i»mm saltgrass meadows, the grass being killed by salt acoumu-
latlon.

The plant spreads by means of & thick ocreeping rootstalk
within the upper few inches of soil, from whioh finer roots extend
downward in search of moisture. The maphw. light green leaves
rise from esch joint of the rootstalk and often spread to form a
denss sod. The grass has a distinotly salty taste although it is
often used for pasturage of stoock or dairy oattle. The growing
period in southern Californie is from February to December, and
although the grass dies or becomes dorment during the other months
there is some discharge from the water table throughout the year.
mmpamummm is not an exoessive user of water, as »ﬁm,umvuﬁ of

growth in alkali soils has caused it to protect itself against the
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toxio effects of alkall by & deoreased rate of dumvnb»umapon.

While the alkali comdition of the soil whioh supports
saltgress is sometimes excessive, nevertheless drainage hes
reolaimed numerous areas whioh it formerly ooversd.

The blg groasewood found on mcd»ua»mweon.wmnnu from the
Canadian to awm.znupamn borders is also recognized as an indi-~
cator of ground waber. As with other ground-water plants, the
more luxuriant growth ooours where the zone of saturation is
within a few feet of the surface, bub aoccording to Melnzer {(19)
it is, like the mesquite, sometlmes able through its large
deeply wouodwmw»nm taproot, to extraot BoPma:um.mHoB the soll
to depths of 4O feet or more. It is an indicator also of alkali
in ¢wm.moww. but under proper systema of irrigation and drainage
greasewood areas have good uomm»dpwwa»om of beocoming agriocultural
distriots.

Mesquite, saltgrass, and groasewood are but a fow of the
meny ground-water plants oommon to western regions, and it is
neither necessary nor possible to desoribe all such growbh within
the limits of this report. Data on the relation of plents to
ground water have peen listed by Melnzer {19) as a basis for fur-

ther investigation, realizing, however, that suoh mmnmuwpwuwa»oum

may be p:mm«»oumo.

Marsh Vegetation

Chief of thls group are plants, the roots of which ordin-

arily grow in water or in very wet soil. Typical examples &are the

cattall (Typhe sp.), tule {Soirpus aoutus), and sedges (Carex sp.) q

which belong to that group of water-loving plante known as hydro-
uvwamn. These and others of similar habits, through transpiration
dispose of large quantitlies of water from the surfaces of ponds,
lekes, marshes, and running streams, and probably have & greater
effeot upon the water supply of streams than any other group of

plents of equal area.

mosr 4niea and oattalls are ocommon ln many regir”s. Prior

to the reclamation of the delta lands of the Sacramento and Han
qomaﬁ»u Rivers in Califormia there were approximately 180,000
aores of tules, oattalls, and sedges growing in dense formation
and transpiring heavily. HMuch of this area is now farmed, and
the remaining growth is ohiefly along stream channels and in

other unreclaimed uwmomm.

Tules also are produots of undrained agricultural distriocts
whioch have developed swemp areas through overirrigation. They
soon appear in the ghallow water of marshy places, and are wnn«
ticularly undesirable in drainage ditohes. However, it has been
learned by investigation (4) that large areas of tules do not use
as much water per unit of area as aEOmm‘un the relatively narrow
ribbons of growth along ditohes and other stream ochannels.
Ditohbank 4omm¢weyo= is subjeot to exposure from sun and
wind with 1ittle protection from surrounding growth and tran-
spires freely. It is well known that such vegetation is of the
water-loving type, the use of water by a few species having been
investlgated. Where wcou studies have been underteken, individual
plants or groups of bwmuam have been grown in tanks mﬁm the water
requirements measured. Attempts have been made also to determine
the quantity of water consumed by mixed growths of willows, tules,
oottonwoods, and other wet-land vegetation growing under natural

oconditions, but these have been limited in scope.
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CHAPTER 3
METHODS OF DETERMINING CONSUMPTIVE USE

Tiimited investigatlions of the use of water by natural

yegetation have been made by various methods. Vegetative types,

ranging from grasses %0 trees, have been atudied, but owing to

the inherent aifferences 1in aerial and roobt growbth, different

methods of approach are neceseary. The souro® of water comsumed

by the vegetation, whether from & high water table or from rain-

pal faotor influencing the

fall and soll moisture, is an additio .
selectlon.

The cuwuo»mww methods used are:
{3) stream-flow measurements;

(1) by tank investiga-

tions; (2) soil-moisture studies;
apd (4) interpretatlons of water-table fluctuations.
(1) Tank investigations are conduoted under artifioclal

oonditions. The growth in the tanks may be the originel product

of an undisturbed soil although more often perennial shrubs or

grasses are transplanted into the tanks bvefore waber measurements

are begun. Wlth anpnuals, seed must be planted each year and new

root systems developed. Artificial conditions are psaused by the

1imitations of soll, size and depth of tamk, OF regulation of

water supply, end by the very important factor of environment.

In donsequenocse, the resulting tank growth llves under oonditions

moEmswmd different from those affeoting aimilar plants in their

native habitab, and 1t is usually necessary to apply correction

factors &ﬁ tank resulis.
Phe natural vegetatlon most often grown in tanks

olassges: w&wuem whioh grow with their roots in water, and those

which use capillary moisture.
mmauqum have reou made in recent years, the plants oooupying the

tanks have been 1imited to a few speocies.

tules grow in rwaou. while saltgrass, greasewood, sweetolover, and

. ses-w tamidr lnavigate) draw moisture from 8 wabter table be-

ise of two

Although a number of tank investi-

Of thesne, cattails and

, used are determined by guantitetive measurements. The mumm@&mmw
tank investigations of natural vegstation have besn made in
California, Colorado, Idaho, New Mexioco, Oregon, and Utah.

(2) Soil-moisture studies are generally conducted in
mumwm where the water table 1s some disbvance bslow the root zome.
The amount of preoipitation retained in the soil is Bmmm:uom,cﬁ
means of soil samples taken from definite depths, before and
after each rainatorm, and the moisture content of the sample is
determined. 1In olay, loam, ow,mmnn% solls the soil tube is used
in colleoting the samples, but in roocky or gravelly places sam-
ples are taken from open pits.

This method is suitable for mnmww of desp-rooted natural
ﬁmmmdwﬂwou. It may be used for weeds, native brush and grass,
trees, and agriocultural orops. The princlpal soll-moisture in-
‘4mmawmm¢po=m of native growth have been in CGalifornia.

{3) OConsumptive use of water by alders, cottonwoods,
sycemores, and other riparian growth oommon to small streams has
been found by measurement of the stream flow at two or more oon-
trol points where the underflow is forced to the surface, the
deorease in flow between controls representing use of water by
the vegetation affected. The danger of nonmeasurable inflow to
the stream from the canyon sldes is a factor not to be overlooked,
and this diffioculty mekes many ocanyons undesirable for suoch in-
.vestigation. However, where conditlons wwwomnmn stable, this
method hes been used by the Division of Irrigation in southern
Oalifornia. Literature, with a few exceptlons, (2, L) appears
to have given the subject little attentlon, yet there is a fileld
for this type of study in many localities.

(4) Approximate measurements of ground-water discharge

by plent growth may be made by translating the daily rise and

fall of the water table into inches of depth of water consumed
by the overlying vegetation. This requires a knowledge of the
speclifio e»mwn of the soll from which the water is withdrawn,

speoifio yield being the amount of water which will drain from
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a previously gaturated 801l by gravity, measurad as & percentage

of the total volume. Fluotuations of the water btable, oaused by

yranspiration i1osses, Show & deoline by day when transpiration is
greatest, and a reocovery by night when it is leasb. memﬁuasou¢

of the fluotuations by contlnuous regorders provides & vasis for

caloulating the consumptive use. Investigations have shown tha®

the dally £1uetuations usually do not ooour unless there is vege-

tative disoharge. They respond direotly to weather conditlons,

jnoreasing in amplitude with sunshine, temperature, and & olear

sky, and decreasing with lower temperature, groeater humidity, and
¥

inoreasing owoﬁnpummm.
This method was first wuomOmmn vy Dr. @. E. P. Smith of

the University of Arizona in an :hccdwpmumn paper read before

the Geologioal Sooiety of wWeshington, November 22, 1922. TIb has
y used by White {38) in the Esoalante Valley,

It is

been successfull
Utah, and by Troxell (33) in the Santa Ana Valley, Oalif.
’ A

an ingenlous method of translating & patural phenomenon into

vagetative disoharge, having the distinob adventages of using

soil that has never peen disturbed and of measuring oconsumpbtive

use by vegetation in its native habitat. On the other hend 1t

jnvolves the obvious airfioulty of obtaining average speoifiec

yield of & large nonunlform soll mass underlying & given besin.

TANK MEASUREMENTS

Metal tanks have been used extensively in plant investiga-

tions for many years. Those best adapted for oonsumptive use of

r
water studies are of the double type having en annular space fo

water between the ipper and outer walls, with perforations

through the inner wall to insure & thorough distribution of
Tanks of thise design usually
They

water throughout the poll mess.
are from 24 b0 36 inches in diameter by & to 6 feet deep.

should be of heavy mmw<m=»sma iron to withstand gorrosion. In

acld o

ad Lo

r alkall sollse the metal should be treated with a wuoamoepqm@

The Mariotts Tank

Tt is often desirable to meke investigations in which the

‘ water table in the soil tamk does not fluotuate with the demands
. of the plants. For this purpose the Mariotte supply tank is of
practiocal use. Iaverted uoaﬂwmm having connections to the water
surface have been used on occasion, but more elaborate arrange-
ments embodying the sams principles, have been nomummmﬁ by the

Division of Irrigation (2, 20, 21). This equipment has glven

.mmumumw satisfaotion by meintaining a fized water level in the
‘apnular space and in the soil, as well as providing a means of
measuring the daily rate of extraction of moisture by the plants.
HnAﬂua Santa Ana, Calif., (2) investigations a battery of
Mariotte tenks was used. The following desoription indloates the
relation of supply tank to0 soil tank and outlines the theory
wnder which opsration procesds: The Mariotte tenk, a 12- by 36~
_inoh galvanized-iron renge boller, was ohosen because of »wm
solid construction, she rigidity of its oonnectlons, and the
practioability of keeping it airtight (fig. 1). Mounted on the
slde of the tank is a vertiocal lemgth of glass tubing, each end
of which is fitted with a rubber stopper perforated to admit a
small connseoting pipe. The lower pipe oonnecte with the supply
pipe between the Mariotts tank and the soll tank, while the upper
plpe connects with the top of the supply tank. A graduated soals
mounted beside the glass tube shows the depth of :weow in the
supply tenk. A valve in the copnecting pipe makes it possible to

shut off the flow of wabter when the supply tank is refilled. A

 waste pipe in the oonneoting pipe discharges excess water from

the soil tenk into a uooa»<p=m vessel. The lip of the waste plipe
is set at the level of the water in «um soil tank.

A small vent tubs passes through the rubber stopper at the
top of the glass gage. This tube is open at both ends {the lower
end in water and the upper in air) and the lsvel of the soil water

is determined by the elevation of the ¢oaaoa end of the vent. In
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Figure 1 the water dwapo in the mo»w tank is at suoh a depth that

it is neoessary to extend the vent tube downward into a well be-

low the level of the oconnecting pipe.

Experiencs has determined that variatioms in temperature

se changes in vapor pressure in the Mariotte ﬁmuw. resulting

Thorough insulation is there-

cau
in fluctuetions of the water level.

fore necessary. Tanks at Santa Ana were completely buried in the

ground except for a small entrance provided with a narrow doorway

which opened upon the graduated scale. Protection against changes

in soil moisture around the tanks due to rainfall was provided by

a meotion of roof which exoluded precipitation while permitting a

froe oirculation of air above the tanks.

The vent tube provides the Mariotte ocontrol feature which
maintains a oconstant water level in the oonnected soil tank. In
ovmumawour the Mariotte tank is filled and the valve in the con-
nsoting pipe is owwumn. admitting water to the soil tank. As
the water level drops in the supply tank a partial vaouum is
formed above the water surface and the water drops in the vent
tube from the original level to a point the position of which
depends upon the degrees of vaouum established. This point is
determined by the difference in the pressure hsads due to atmos-,
_wuounc pressure and the partial vacuum in the supply tank. Water
will oontinue to fall in the vent tube, but at a greater rate
than in the Mariotte tank, until the pressurs head corresponding
to the atmospherio pressure, minus the pressure head caussd dw
the partial vacuum, is balanced by a column of water equal to
the difference in elevatien between the water surface in the
Mariotte tank and the bottom of the vent. Water will then stand
in the vent at the bottom of the tube with the pressure at this
point atmospheriec,

If the water continues to flow, air will enter the glaas
gage through the vent tube, bubbling upward through the water and
into the top of the supply tank. Water will oontinue to rise in
.aum soll tank to the level of the lower end of the vent, at which
point the atmospheric pressure in the soil tank and in the bottom
of the went tube is the mmsm.. As there is no differencs in pres-
sure and both points are at the same level, there 1s no head to
cause further flow and bubbling will oeass. When the water tabls
in the soil falls below the bottom of the vent, the balance of
pressures is again disturbed and flow will once more start from
the Mariotte tank, replacing the quantity of water used.

As a partial vaocuum must be meintained at all times, pipe
conneotions must be airtight. Air leaks through the many joints
of the system disturb the balance of pressure necessary for full

automatioc control. Thorough insulation against temperature
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changes has been mentioned. Suoh changes may causs expansion or
contraction of the tank itself, of the water in the tank, and of
the air in the chamber above the water. The combined result is
ohange in aum vapor uummmcuo.sp¢= sonsequent influence upon
mwwoodpqm regulation.

Water in the glass tube will fall with an inorease in tem-
perature within the Marlotte tank, and readings on the scale,
taken at this time, will be erroneocus. A ammﬁ of the effeot of
temperature on soale readings showed that an inorease of uoo F.
in outside air temperature caused a drop of 1 ocentimeter of the
water level in the glass gage. As the tempersature returned to
the starting point, water 1in the gage came back to its initial
position. Barly morning 1s a better time for observations than

later in the gw% when temperatures are higher.

Float Valves

f S A Ar AN AL ]

A simple device for mainteining a. deflnite depth of water
above the soll surface in tule tanks ls an ordinary float valve
conneoted by a feed pipe to a supply tank. The float valve is
adjusted to operate at the required water surfeos. As the water
is used the float drops to open a needle valve and admit water
from the supply tank. A gage on the side of the tamk permits

readings of water 1evels, and the guentity of water released be-

tween observations 1s equal to nvm consumptive use by tank growth.

This equipment has the advantages of fitting into & small space
and of maintaining a oonstant depth of water. Tt is easily in-
stalled and gives satisfactory results. A water-stage recorder
with float in the supply tank mey be attached to obtain contin-

uous records of consumptive use.

Tt has already been stated {(page 16) that the use of water
by tank orops varies in some degree from natural field use, and
this difference must be aosvcnmmamn for by applying a reduction
‘faotor to tank records. A knowledge of the pnhpzmﬁauum factors
and an effort to carry on an investigation under the most natural
oconditions will go far to equalize the use of water between tank
growth and natural fields. The factors affecting taunk investiga-
tions are meny and are related to soil, water, plants, and envi-
ronment .

Methods of placing the soil in the tank, density of vege-
tation, unnatural environment of growth, injury to root systems,
1imitation of the amount of soil as affecting root WHQS¢= and
goil fertility, merial spread of foliage, and entrance of rain
water, act :vo: the growth of tank <omm¢md»on or the amount of
water it consumes. Rach of these factors is important, as esti-
mates of field consumptive use by natural cover will be in pro-
portion to the acouracy ow the tank determinations.

Experience with the Senta Ana investigation (2) has
demonstrated a satisfactory method of filling soil tanks without
soll disturbance. The recommended practice is to foroe the open-~
bottom inner shell of the double a%wannmn tank down over a oore
of undisturbed soil, outting off the soil oolumn by Jjacking the
bottom plate into place when the shell is filled. (Plate I-A.)
This requires an excavation around the tank as the work prooceeds.
Onoe the plate is bolted in place the filled tank may be hoisted
above ground with tripod and chain~blook and lowered into the
outer teank previously set in the location peleoted. This pro-
oedure leaves the soil in the tank in its original condition and
umm.anm advantege of sometimes capturing a muqi»uonuow without
gserious disturbance to itas root system.

The relation of demsity of tank growth to natural rield

growth is a contributing factor in determining the reduction
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csoefficient which must be applied to tank results. Grassge. .~
bmuﬁwocwwuww the original orop of an undigturbed soil, are most
likely to have the same density of growih as under field condi-~
tions, and the use of water by the tank crop will be approximate-
ly the same as by grass in the open field. For native shrubs it
18 difficult to obtain the same density of growth as under natu-
ral oconditions, since this type of <mmm¢mw»o= does not grow in
an orderly manser. The wide spacing of some shrubs and the olose
growth of others make the correct unit area per plant a matter of
conjecture.

Aquatic plants, as tules end ocattails, may grow with the
same approximate density in tanks as in swemps, although the
plants around the edges are more stunted than in the center,
owing mbwmnmaaww to greater exposure lo sun and wind. The number
of stems per unit area is likely to vary in different tanks. A
comparison of the denslity of tules in the Santa Ana pnxmmwpmmﬁwon
(4), showed a tank 6 feet in diameter to have a density of 57
stems per square foot of area and to use 12.43 acre-inches of
water in September, while a 2-foot tank having 87 stems per foot
used 19.37 acre-inches. Both tanks had the same exposure. Carry-
ing the comparison further, the consumptive use of water per indi-
vidual stalk was the same regardless of density of growth or the
size of tank in which it grew. However, the tank growth wes
stunted in comparison with normal swamp growth.

The limitations of tank growth, as affected by environment,
are extremely importent in determining the quantlity of water used.
It is emphasized that tanks containing vegetation must be sur-
rounded by the same type of growth; otherwise there oan be no true
comparison of the amount of water used by the tank vegetation and
similar growth in the field. .

The injury to roots caused by transplanting vegetation into
soil tanks, or through ocutting the roots, temporarily limits the
plant growth and dnavoumu»H< affeots the amount of water consumed.

Plants with running roots (saltgrass or brush for example) are

DOLTIMENT
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subjeot to shook when their roots ere disturbed or partly removed.

The size of amwwm is a limiting factor in the root distribution

especially roots of the spreading type. It has

tanks of small diam-

of tank growth,
been.observed that roots of tules growing in

ater become greatly orowded after the f£irst year, and the plent

growth becomes more or less stunted as the investigation prooeeds.
Limitation of the amount of soll as affeoting fertlility is

1ikewise importan® in determining the use of water by tank orops.

Investigations a:bw»=m over extended perilods in which the rela-

tively small volume of soil is used continuously are likely to

result in & mwzreoa growth. The effect of continued oropping of

tank soil has been notioced in cotton H=4omapmwa»onm extending

over a 3-year perlod. Beokett and Dunshee (1) say: "A comparison

of the size of plants grown in the tanks with those grown in the

field plots under aimilar irrigetion treatments, showed that

smaller plaents were produced: in the tanks sach year than were

obtained in the plots. These smaller plants, however, used from

L0 to 53 per cent more water than the plants growing in the field.
This inoreased use of water might be explained by the probable
root concentratlon in the limited soil mess of the tanks, & higher
goil temperature in the btanks, and the higher ﬁmsbmumacmmm and
lower humidities surrounding the jpdividusl plants in the tanks."
Ggrop overhang of tank growth also presents a serious ques-

tion in tank investigations. The aerial portions of some Orops,

such as tules and cattails, grow naturally stiff and erect and

ooocupy approximately the seme horizontal area 88 the tank. In

other growth, suoch as mﬁmm¢awo<mu« the stems droop over & much

greater area then that oocupled by the tank. The interception

of insolation under auoh oonditions is greater than the tank

»uaouomwd. and 1t is. incorrect to compute the water loss on a

basis of tank area.
Protection of soll tanks during periods of preoipitation
to prevent entranoce of rain water into the soil has been generallyd

nendamnad . vet for some purposes prevention of rainfall on the

tank surface has advantages. Investigations involving :mwfz&m
water by plants :unou,nnﬁcumw oonditions. where the ground water
fluctuates from day to day and from season to season undoubtedly
require that rain be allowed to enter the tank soil. On the
other hand, in thoss investigations whioh are omuupmw on with a
fixed water table, the entrance of rain water into the soil dis-
turbs the normal distribution of cepillary molsture. In 1ts
natural distribution the largest percentage 1s immediately above
the water table and the least at the ground mcuwmao.. Hw rainfall
is allowed on the tank, the entire soll mass becomes wHmen to
fisld capacity, and conditions relative to & flxed water table no

longer exist.

In a series of soil tanks having different depths to water
table, each with overflow pipes to drain off excess soil water,
the so0il moisture Awnpmm with ths depth to the water table. For
instance, if the water table is near the surface and rainfall 1is
ammqk there will be mush overflow from the waste pipe, as the

shallow soil is unable to hold all the excess; but if the water

ndem is deep in the tank there will be little overflow as the
Thus all the rain might l
be retained in a deep tank while but a small portion would be

greater volume of soil holds more rain.

held where the water table was near the surface. Under these

oonditions the changed moisture distribution resulting from rain-
fall penetration is different for each tank or for sach depth to
water teble. Henoe, while the treatment of a series of tanks may
be uniform as regards soil moisture during the dry seasom, it is m
far from uniform during the wet season. It is evident, therefore,

that the procedure to be followed for tank protection will depend

largely on the objeot in view.
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SOTL-MOISTURE STUDIES

It has dmmuAmwosu that aro 1imitations of soil tanks make
them inadequate for some types of consumptive use investigations.
Tanks are suited to areas ow high ground weter where studies are
to be mede with definite water levels but studies in other areas
where the water table is beyond reach of root systems may best be
carried on through soil sampling. The Division of Irrigation and
various agrioultural oxperiment stations have employed mw»w sam-
pling for agricultural orops and to some extent for natural vege-
tation.

mo»HnBowmwcum studles requirse systematioc ooHHmo¢»o=.o&
meny soil samples taken to depth beyond the reach of plant roots.
This is dons through use of mo»wpﬂcdmm nw different lengths driven
into the soil to known depths. The samples obtained are dried in
an eleotric oven at a temperature of 110° ¢. Standard laboratory.
praotices are followed.

Collection of soil samples 15 a laborious prooess, as the
menual effort of driving soil tubes by hand, espeoially for nmwﬂun
beyond w fow feet, 1s extremely arduous. To lessen the labor and
expedite the work a compressed air unit developed by the Division
of Irrigation {3) drives the soil tube mechanically. The entire
equipment, shown in wwmao 1-B,. consists of an alr compressor, &
soll tube, and a soil tubs jaok. The air unit inoludes a oom-
pressor mounted on & aucow._w 1ight air hammer, and en air hose.
It provides & pressure of 100 pounds per sguare inoh, delivering
.m.umo blows per minute to the poil tubs.

The soil tubes are of 16-gage seamless stesl tubing, from
5 to 25 feet in length, fitted with a sultable driving head and a

outting point. The point is of case-hardened nickel steel with a

choke bore to overcome friotion within the tube.
A very effiolent, light-welight Jack shown in the foreground
in Plate I-B has been perfected by the Division of Irrigationm (31)

to draw the soil tube from the ground under diffloult oonditions.

‘"material are more representative.
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Withdrawal from depths as great as 25 feet is praotioable #wdnx
this equipment in soil whioh is nmwaumu too wet nor too coarse.
In wet olay the soil sticks to the tube and is diffioult to dis-
lodge, while saturated soil glips from the tube and is lost be-
fore it oan be drawn to the surface. Samples of coarse material
greater than the dlameter of the tube ocannot bde ou¢nuumn with
this equipment. Most of the valley lands may be sampled with the
8oil tube, but alluvial fans, gravel areas, and other coarse and
rooky places require pits, shafts, or tunnels.

Samples of soil obtained through use of the soil tube
weigh 150 to 200 grams, but in rocky soil large samples of the
>oooumpjwwu. from plits or
shafts, 4,000-gram samples are obtalned without reference to size
of partiocles. After they have dried, the rooky portions are

sereened out and olessifisd as rock.

The equivalent depth of water in ‘soil semples may be found

from the equation D = mmm. in whioh D is the equivalent depth in

inohes; P, peroentage of moisture in the sample; ¥V, apparent spe-

oifiec mamq»a% of the soil in place; and 4, depth of soil sample

" in inohes,

The depth to which soil samples are taken depends upon the
depth to which roots go in sesrch of moisture. As previously
shown, soms vegetation is dsep-rooted while other species have
roots relatively olose to the surface. Moisture may percolate to
depths beyond the root zone, but root extraction determines the
depth to whieh it is necessary to take soil samples. Beyond this
depth peroolating water contributes to the :unmnmmosnnuswamu sup-
ply. Thus, by sampling, to determine the uss of water by deep-
rooted shrubs it might sometimes be necessary to drive soil tubes
to depths of 25 feet or more, whereas for shallow-rooted grasses

4 to 6 feet would be suffioient.




STREAM-FLOW STUDIES
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Because of the inoreasing scarcity of small water supplles
in some parts of the West and the opportunity of oaéw»npum them
by diverting canyon gtreams, thers is need to know what happens
to the adjacent vegetatlon when the greater portion of its mois-
ture mﬁm@ww.»m taken away. For many water-loving trees and
shrubs, stream nwdmumpon often proves destructive.

In addition to the usual faoctors of climate affeoting the
water requirement of panyon-bottom growth there are the environ-
mental factors of type, density and distribution of mmgmomwﬁ vege-
tation, slope and depth of the so0il mantle supporting the vegeta-
tive cover, and axial direotion and general slope of the ocanyon
bottom es affecting 1ts exposure to sunlight. The density of
growth affeots the degree of shade and the amount of transpira-
tion, especially that of the under story gcover. Slope and depth
of the soil mantle gontrol,; to a considerable extent, Bowmwzwm
held in the side slopes of the canyon wall.

The cardinal direotion of the canyon axis is likewise
jmportent, as 1is mwuo‘drm direction of slope of the mountain side
of which the canyon is a unit. In general a canyon stream extend-
ing in a portherly and southerly direction has greater exposure %o
the sun, and 1ts vegetation has greater transpiration opportunity,
than one running east and west. This is especially true of the
deeper oanyons.

1ikewise the general direotion of the mountain slope inmflu-
enoes not only such olimatic factors as humidity, rainfall, temper-
ature, wind movement, hours of sunlight, and melting or retarding
of snow cover, bub also to some extent the varlety and density of
the vegetatlon jtself. Such differences, on opposite sldes of
sasterly w:n westerly mountain ranges, are oommonly understood.
Op ‘the southerly glde longer and more intense exposure to the sun
increases transpiration losses, snow melts more rapidly, and stream

flow decreases Or dries up at mu.mmawpmu date than on northerly

~"protected slopes. J

i

Canyon-bottom growth is usually $wﬂoﬂlwoqpnw. It may be &
meadow, a swamp, alders, willows, the largsr syoamores, cotton~
woods or ocedars, or a mixture of them. Under certain conditions
the use of water by vegetation in any selected section of a gliven
ocanyon may be determined by the difference in stream measursments
at its upper and lower boundaries, partiocular care being taken to
force the underflow to the surface at points of measurement. In
some instances natural rock barriers to underflow exist and the
stream flows ama:uwwwe o<ou.wuma. but in other oeses artificial
oouaaoww. such as submerged dams, may be negessary to bring the
ground water to the ‘surfece. Before an investigation is under-
taken, the canyon and 1ts surrounding area should be examined to
determine the possibility of stream-bed losses through rock fis-
gures. Where fissures ococur or acourate measursments are impossi-
ble, the investigation is not feasible. The possibility of side
inflow from canyon wells also should be examined. The Division
of Hnuwmmwpou used the method referred to above in determining
the oonsumptive use of water by ocanyon-bottom vegetation im south-
ern California {see p. 66). (2, &). .

‘Phe diurnal fluctuation of flowing streams is of importance
as an indicator of the daily withdrawal of water from the soil by
plants. It has long been observed that stream flow deoreases by
day and recovers by night, the plotted daily discharge ourves
phowing a series of alternate low and high points whioch oocur at
approximately the same time sach day. The daily decline is the
result ow the actlon of plants in withdrawing water from the satu-
rated zone, and recovery is due to the nighttime dsorease of
transpiration. Therefore, as thp dally fluotuations of the stream
surface depend upon transpiration from plants, the same factors
whioh affect transpiration likewise affeot flowing water, but in
a reverse order., That 1s, when bright sunshine, warm weather, or
hot xwuam cause high rates of transpiration the oorresponding

stream flow will be low; but 1t will inoreasse in volume when
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‘tion upon the nwrﬁ»sm streem. ‘The effect may be too small to be

eumnmwpwmapoa is low through oloudiness, cool weather, or high

humidity.
. The use of water-stage recorders abt oontrol points pro-

<paam.uqnuomumu=»o oharts that indiocate the effeot of tramspire-

visible in the stream itself exoept in springs and small streams

whioh disappear in the sand by day and flow in the ohannel by

night Evidence of these daily fiuctuations is afforded, however, .

in Figure 2 which was developed by Troxell (34) o show short-
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FIGURE 2.--Diurnal fluctuations in southern Oalifornia

stroams (after Troxzell).

.~ Parshall flume is shown in Figure 3.
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‘period records of the flow of eight California streames. wwwmw
were selected to uobammouw a variety of drainags basins varying
in Hanmwu and width as amww ap in altitude., I% will be noted
that each hydrograph shows a smww|now»=mn dally oyole with rise
and fall at approximately the same time each day although not in
the same degree of amplitude. -

Evaporation from a water surface is an expression of the
combined climatic influenoses affeoting both evaporation and tran-
.8piration, yet because of the volume of water im an evaporation
pan, the soler energy necessary to cause evaporation 1s greater
amwn that whioh oauses transpiration from plants, and aram evap-
oration lags behind transpiration. To obtain & mors sensitive
record of transpiration opportunity, an eveporimeter was designed
dw Taylor (4). - This consisted of a shallow, black pan attaohed
to the weighing mechanism of a rscording rain gage. The depth of
water in the pan is limited to the maximum aquoumﬂpou for a sin-
wuo day.

the reading of very small amounts of evaporation.

The chart soale is exaggerated 9 to 1, making possible
¥ith this
equipment it is feasible to determine exsct hourly evaporation
losses. The exposed shallow pan, resting on a ssnsitive balanoe,
responds readily to wind movement and the resulting pan movements
on the chart also record the times of greater wind movement and
its relative »uﬂmam»w%.

A measuring device muoh used in California Huqmmﬁpmmwpoum
1s the Parshall flume (22). The difficulty of measuring, in a
mpumwm device, both low and r»mu water flows, has baen met in a
oombination Parshall flume and conneoted V-notoh weir or by two
oonnected Parshall flumes of different throat widths, arranged by
Taylor (4) to paes the maximum and minimum flows respaotively.
The diffioulty of wcocumem.ammmﬁwmamuam of low water flow 1n a
flume intended for peak flow is obvious. Design for a double
It should bs noted that the
oombination flume requires two water-stage recorders.

In using the Parshall flume it should bs remembered ¢nww
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= thls device was designed for irrigation oanals carrying wat&x-db

-8 relatively low velocity amd that »w should be used in mountain

areas with some caution.

WATER-TABLE FLUGCTUATIONS

The three methods of measuring consumptive use of water by
vegetation previously dlscussed - tank, soil moisture, and stream-
.flow investigations - are applicable to somewhat limited soil-
moisture conditlions or types of growth. The tank method is mrpau
able for the smaller vegetatlon, but it is evident that it omnaoﬁ
economically be used for studies of consumptive use of water by
large trees. Extensive soll-moisture investigations generally
are not undertaken in areas of high ground water, and it is evi-
dent also that canyon-bottom investigations are limited. Observa-

tions of daily ground-water fluctuation in relation to vegetative

w.a»maumamm has been little used. Beyond its epplication in Arizona

by Smith and in California (33) and Utah (38), 1t apparently has
not recelved much maambn»on. largely because of the difficulty of
determining the specific %umwm of large areas of soil in place.
Water-table fluctuations provide & basis of estimating wrm con-
sumptive use of water by overlying vegetation but present m»mw»|.
oultles in arriving at precise measurements of quantity.

During the early mwnwum..mm vegetation is beginning its
growth, the dally fluotuations of the water table do not reach
the seme degree of amplitude that occurs during periods of maxi-
mum growth; and conversely, in the fall, as vegetation is matur-

ing and transpiration decreases, the daily fluctuations become

@,waomnmmmu<mw< smaller. Fluotuations do not occur where there are

. bare lands or plowed flelds under which the ground water is below

ﬂrm.ummon of plant roots, nor during winter months when plants are
either dead or dormant. Lower temperatures, cloudiness, or rain-
fall decrsase the size of the fluctuations; warm sunshine, low

humidity, or hot winds increase them. In short, any cause affect-

ing transpiration influences also the diurnal changes of the water

35
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table. Fluotuatlions begin approximately at the same time each . The curve of ground-water uw:oacweporm umm.ﬂrm ,;w%%m
genera

day, the surface Lowering a&s the cumumw»umd»ou inoreases, although oharacteristios of the ourve of daily stream fluctuations; that
the result of the inoreased trenspiration is not immediately ap- is, there are both a maximum and a minimum period in each 24
parent w:a there 1s a noticeable lag between cause and effeoct. hours. These periods do not necessarily ococcur at the same time.
puring the growlng season, when demand 1s greatest, the daytime For the purpose of discussion, a representative ground-water
draw-down generally exceeds the nighttime recovery. The result ourve is shown in Plgure 4. It will be shown thet this type of
is a steadily falling water emuwm which continues untlil transpl- curve esteblishes the daily relation of consumptive use of water
ration ceases. When plants become dormant the normal recharge of to ground-water disoharge and rechargs.
the basin increases ground storage until a resumption of the vege«
tal demand oocurs in the following spring.

Because the water usage of some plants is greater than

that of others, the draft of the different species on the ground-

10
i

water supply varies with the type as well as with demsity of the \\\\ ;
natural cover, 8O that the amplitude of the fluotuations varies

with the vegetation. The fluctuations mum widest where water-

24r

Scale (feet)
25
L.

loving vegetatlon constitutes the dominant growth and are least

N\
i
A\

R T

-

where nuocmsanuom»mamne or salt-resistant plants ocoupy the greab

oo

Qo &l f—

est area. Not only does the type and density of nwwzﬂ growbth

)
ptof

affect the quantity of water withdrawn, put the depth to water

affects the total gonsumed, as is evident from the stunted growth
b

8 A, 8 P.M. 3AM, 8P.M.
NOON HOOW

found where the water is at considerable depih.

Interpretation of the ground-water fluotuations in inches

of depth of water consumed by vegetation is accomplished by the FIGURE 4.-~- Representative ground-wat
° - er ocurve,

following method: First, ground-water wells are equipped with MWMMWﬂmoMHMWoquwHWMmmawwMM@MMMWM anwumnu
. T er
water-stage recorders which provide continuous records of changes | roxell).

i{n water levels. Second, the specific yleld of the soil near the w Assuming that the ground water rises during the nlght wh
. when

wells 18 determined by driving metal e¢ylinders over columns of transpiration is at a minimum, there will approach a time during

undisturbed soil. Third, the ground-water discharge in inches of the morning hours, with inoressing transpiration when the demand
‘ b

Q = y(24r + 8) where §

depth is oomputed by means of the formula of vegetation just balances the inflow. This point ls indicated

is the consumptive use of water, y the specific yleld of the soil § at the top of the dally ground-water curve "a" where the water
for the area investigated, and r the hourly rate of recharge of § table starts to fall. On the other hand, at the bottom of the
the water table during the =n=am of least tramnspiration demand . ourve "b" in the late afternocon, transpiration losses have
This period is between midnight and L a.m. The faotor 8 is the deoreased to such an extent that they are amwn:amn by the dally

net. Aifference in the height of the water table in 24 hours. recharge and the water table begina to rise At some point
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between these two extremes vegetation is not only using all the
inflow into the basin, but is alsc making its maximum demand upon
the water held in storage in the soil. This point is indicated

by the maomwmm¢ slope on the falling gide at the point Yo' be-

tween the top and bottom of the ourve and represents the maximum

daily transpiration. Likewise, the rising side of the curve indi-

cates less transpiration then inflow and consequently an inorease

in ground-water storage. The steepest slope on the rising side

ngn, then indicates the point of minimum or no transpiration, and

the time of this ooocuaonom 1ies betwsen the hours of midnight and

L a.m. At this point, the hourly rate of rise represents the

hourly rate of recharge.
m+pamﬁom has been advanced by Troxell »urv, however, to

show that the rate of uoaumumm np i3 not constant throughout the

transpiration period, but changes as the rate inoreases, becoming

a maximum at the height of the transpiration ssason. There 18

1ittle evidence to show how seriously this will affect estimates

of oconsumptive use, Ib is not olaimed that water-table fluotua-

tions provide a basis for precise measurements; rather, they are

considered a foundation for approximate estimates.

CHAPTER &

INVESTIGATIONS OF THE DIVISION OF IRRIGATION

BASIS AND SCOPE OF STUDIES

Consumptive use of water by moncrop plante has been the
subjeot of investigations by the Division of Irrigation in cooper-
ation with the Division of Water Resources, Department of Publio
Works, State of California, and other agencles for a number of
years. Few =m¢H<m plants have been studied, however, as they are

far too numerous for all species to be inoluded in these investi-

gatlions. Grasses, small shrubs, and swamp vegetation may be grown

in tanks, but larger shrubs and trees present problems in consump~
tive-use measurements that are seldom studled. |

As an adjunot of such investigations, records of tempera-
ture, precipitation, evaporation, and wind movement are of value.
Such records for the Santa Ana stetion, Calif., appear in Table 2.

Knowledge of consumptive use of water by native growth is
most needed for molst areas containing potentilal water supplies.
In closed basins water that may be recoverable amounts to a con-
slderable portion of the annual evaporation and transpiration

)

losses. . The natural growth of such areas 1s usually limited to

' grasses and water-loving shrubs and trees. Saltgrass, found on

molet land, has been grown by the c»<umwo= of Irrigation and
other investigators in tanks having both fixed and fluctuating

water tables.

Santa Ana Valley, Californlia i

In 1929, the Division of Irrigation in cooperation with
the State Dlvision of Water Resources undertock an investigation

in the Santa Ana River Valley to measure the consumptive use of

1/ Flield investigations at the Banta Ana, Prado, and oan bernar-
ino stations were made by Arthur A. Young, Assoclate Irrigation
¥ngineer, Division of Irrigation in cooperation with the Division
oM Water Resources, Department of Public Works, State of Califor-

nia,
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TABLE 2 ' water by saltgrass, wire rush, willow, Bermuda grass, aswwféx%mm
) cattails grown in tanks with different depths to ground water.
METEOROLOGICAL DATA AT mbzmw~wmwNme>eHoz. SANTA ANA, CALIF., . Study of solls and soll-moisture conditions in the lower
: _ Banta Ana River Valley led to selectlon of a plot in a level
7 MME erature wwwwomwms _Wind movement . 10-aore field L miles west of Santa Ana and about 7 miles inland
3) ; .
axi- mini- Precipi- a Weather .
zo=wwnmup M:B " Nean tation Buresu pam  Total Average from the Pacific aomma. The field was free of windbreaks and
. ) ) Miles shade, and was generally suitable for oonsumptive-use studles.
1929 op, Op, ©p, Inohes Inches  Miles per hour
M , mwl WMl 62 0.03 8.39 . - Soil was of alluvial origin, classified as a fine, sandy loam,
ay ) ‘ - -
%:Wo ww ww ww uww m.ww o o grading into a coarse, yellow sand at a depth of 6 to 7 feet.
uLy : - -
Wﬁmﬂmdc ww wm Mm nww M.Mw 1695 2.4 It lacked humus and contained a small amount of alkell. An ample
eptember : :
Moaodmu ww ww ww - w.mm mew M.w supply of good water for use in the experiment tanks was found at
ovember - ey )
December 72 4l 56 == 3.bk 1547 2.1 a depth of a few feet. The climatic conditioms at this point are
wwmo. representative of the ooastal olimate of southern California.
& January 62 40 51 5.55 2.28 1743 2.3 .
i February 66 rw 55 .ww m.mm mew w.w Summers are warm and dry and winters are moderate and wet. Coast-
: 68 by 57 2. . . :
| ; Mwwmw 72 47 60 .80 M.ww Wwwm w.w al fogs are frequent, tending to modify evaporation from water
" 0 48 59 1.23 . . _
5 %ﬂﬂm wm mm Mm .02 m.wm WM«W w.w surfaces and transpiration by plants. Figure 5 is a sketeh of the
; 81 57 9 - . :
w MﬂWﬂma 82 59 Mm - w.ww Wwww w.m ptation showing arrangement of tanks.
| +temb 5L .02 B °
I wwmomwumu mw L7 mr .07 w.ww wwwm W.m Saltgrass.--In all saltgrass tanks water tables were held
; 43 0 1.47 . .
wMMMwwww ww 36 53 - 3.31 1389 1.9 at definite predetermined depths by means of Mariotte supply tanks.
2.
Year 73 48 60 12.70 64.25 20521 3 A general outline of the tank set-up 1s shown in Figure 1, and a
1931 desoription of the Mariotte mpparatus is given on page 19. Fif-
January 68 L0 5k 3.82 2.89 1382 H.w
February 68 45 56 m.wm w.«m wwwm w.m teen soil tanks of the double-shell type, each 23 inches in diame-
6 42 59 . . .
wwwww wo 49 MM m.wm M.mw w«ww W.N ‘ter and 6 feet deep, were filled with a fine sandy loam soil. In
6 .67 . .
mwwm mw Wo 68 .07 m.ww WMWM w.w 12 tanks the soil was captured in place undisturbed, but in three
6 Th -= > . :
M“wmma mw mw 73 ©oWh3 M.ww Wwww W.w others it was loosely settled in water. Six tanks of undisturbed
70 .29 . .
wmmwwwwmu ww ww 6l .mc w.ww WWWW W.w poil had an original orop of saltgrass on the soil column with
2 55 1.69 . : .
MMMMMWMM Mw wq 50 .70 1.99 1136 1.5 root systems fully developed. Later in the investigation salt-
Year 76 50 63 16.75 64.72 17529 2.0 grass was transplanted into all other tanks so that eventually
1932 ' all tanks supported saligrass growth.
January 61. 37 b9 2.04 2.38 1335 1.8 _
Tebruary 62 L0 51 L.53 w.mw WWNW w.w To reduce the hazard of inaccuracies whioh might ococur in a
: 1 55 -= . .
meww ww wm 57 .35 5.86 1659 2.3 gingle tank the entire group was divided into sets of three, each

get having a different depth to water. In four sets oonsumptive-

use measurements were made with water tables at depths of 1, 2, 3,

and L feet respectively. A summary of the data obteined from the
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the 3 years 1929-30 to 1931-32:

Average depth to water table Water used
Inches inches
e 5.3
35.31
36 /33179
48 13.37

Saltgrass is an indiocator of ground water, but this inves-
tigation has demonstrated that its consumptlve use 1s not exces-
sive when compared with water requirements of meny other plants.
As the depth to water »:oummmmmloo=m=5w¢p<m use deoreases. Thus,
‘at a depth of 1 foot the quantity of water used in 1 year equalled
4L,2.76 inches; at 2 feet, 35.31 inches; and at 4 feet, 13.37 inches.
The depth-use ratio plots almost as a straight line.

Hn.Eoma saltgrass areas in the Santa Ana basin the depth to
water table exceeds 4 feet and the average seasonal draft on the

ground water 1s not excessive. Monthly and wmmmoump data on use

of water by saltgrass in the Santa Ana River basin are given in
Table 3.

Wire rush.--Wire rush (Juncus baltiocus) was tramsplanted

into a tank in which the water level was held at a depth of 2 feet.
With s plentiful water supply close to the roots, growth became
dense and the demand for water increased in the second year to a

total of 13.75 inohes for the month of July. For the 1l2-month

period ending November 30, 1931, the annual consumptive use of

water by wire rush was 93.58 inches.

Wire rush thus used more

than 2.5 times the saltgraess requirement. Monthly use of water

by wire rush is shown in Table 4.

Willow.--Investigation of the consumptive use of water by

red willow was begun at the Santa Ana station in 1930 and contin-

ued for two seasons. During much of the second year, howsver,

the willow was in poor condition and early in the season became

partly defoliated. For this period consumptlve use data are

I/ For 11 monthe only, May omitted.
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TAELE 3 .

. 1
GOHSUMPTIVE USE OF WATER BY SALTGRASS IN TANES AT SAWTA ANA, CALIF., 1929-32 Y

D:gth Water ussd i s
Ap ths
T;gk Year ::gi: May June July Aug. Sept. Oct. Hov. Dac s Jan. Fab. Mar. ; I‘::::t mon
] Inches Inches Inches Inches Inches Inghes Inches Inches Inches Inc:es Inches I:cl;;a Izuzos : n
20 3.20 2.10 2.05 1.63  -- . : n
[ 12 ok 32 72 0h L 178 107 - 1.89 2.2 3.61
5 1931-32 12 3:3@ ?:2ﬁ 3:23 R Z:tZ §.ZZ 196 1.19 1.07 1.2 1.7% 3.k 12
] 12
Meam  1931-32 12 3.69 5.78 7.57 6.07 k.6 3.03 1.95 L.k 1.35 1.59 2.18  3.65 42.76 =
[ a Lw kw33 38 3B O 2% 1 % % N R i3
A 242 238 30 3d7 3is7 3us 2.6 156 75 .7 LA 3.3
Meen ' ; .90 3531 12
1929-30 2 2.45 L.4O - 5.63 5.53 3.5k 3.52 2.66 1.64 .72 .92 140 2.90 35 = o
. .02
. 5.68 3.10 2.63 .8 1.87 .0 2.8 12 i
1 % 2.8 27 BT 4 ‘68 2.85 1.11 1.06 -~ ~ 1.66 L.82 !
it Y -z £t §j§% ?:83 &% ?:f? 2:%% 2-96 3.29 1.0 1.23 .76 2.31 3.89 12 .
. 12
Mesn  1931-32 2 2.86 .0 5.15 b7 406 251 2.9 .99 1.39 .58 2.26  h.2h  35.bk "
2.79 2.22 1.60 2.79 - 2.95 3.48 1
5 2 2.76 .82 LB L03 3-35 200 5137 1ls 22 - 2.5 3.57
2 1931-32 g 33 3233 Z:ZZ ?2?2 3:32 53, 227 1.2 1.69 1.95 3.65 3.02 12
3 . 12
Mean  1931-32 2, 2.78 3.86 4.90 k.10 3.52 2.7 2.29 1.43 230 1.95 3.0k 3.36  36.2%
k .65 2.6 417 11
- . 2.92 1.9% 1.87 1.56 1.83 1l.ak 1.83 1 - 1
3 1-32 32 74 272 2% 1. 1.8 183 - 233 2.1 3.22 3.0 10
3 wma ¥ I 1% 26 200 177 15 L8k 2 - L : :
Mesn  1931-32 36 - 1.75 2.51 2.03 1.79 1.50 1.83 1.9 2.08 1.8 3.19 3.3 23.79 11
61 .73 146 12
. L8  2.71 3.45 1.91 1.38 1.33 .91 .55 : 2
el 1929-30 pe 28 -4 Te6 233 1. 116 & .2 13 3 45 .gg 12
12 48 90 1230 z7b 3.0 179 246 a2 A7 . .
Meen  1929-30 18 33 .79 2.3 2.96 1.70 1.67 .77 .63 31 .33 b 1.00 13.37 12

All tanks exposed
In thess taanks so

iy

to rainfall Dec. 1931 to Apr.
11 was disturhed; in all othsr

1932, but protected at all other times.
tanks soil was undisturbed.
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TABLE 5

CONSUMPTIVE USE OF WATER BY WILLOWS IN TANK
AT SANTA ANA, CALIF., 1930-31

Year
Month 1930 1931
Inches Inches
January - ) -
Pebruary - 2.00
March -- 3.92
April - 5.72
May 3.28 .76
June 4.99 L. 48
July 7. 3k -—
August 7.80 -
September 6.63 ——
Qotober 5.36 -
November 3. 54 —
December 2,12 -

inclusive. mwuom these measurements were madse in the open, away
from other brush or gimilar growth, this averagse probably 1is

greater than would be obtained under normal growth conditions.

For the 11 months, indlcated loas of water from the Weather Bureau

pan was 63.11 inches, whleh ie the equivalent of h4.2 lnches of
evaporation from & pbroad water surfaece., It appears, therefore,

that tank-grown willows under these conditions consume & greater

gquantity of water than 1s lost from an equal area of water surfacs

by eveporatlion.

Bermuda_grass.--Bermuda grass (Cynodon dactylon) is a per-

ennial with long creeping jointed stolons, often several feet in
lengih. It gpreads largely by both atolone and rootstocks, al-
though it also seeds abundantly. It is found in meny locslitlies
in exposed places but not in shade. Bermude grass is not neces-
sarily an indicator of ground water as is saltgrass, but like

other plants it makes better growth with increaged moisture. It
ig freguently uzed for pasture and makes good feed for stook.

Tor investigation of consumptive use of water by Bermuda

grass an experimental gtation was established 1 mile east of San

Bernardino, in the upper ganta Ana River valley, about 50 mlles

B

A. Willows 6 to 7 feet high growing in 6-foot
diameter tank at Santa >bm. amwmnm foo

Alders in Coldwater Canyon between middle

and lower controls,
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The plot was in a level field at
Climatio

above the Santa Ana station.
gome distance from buildings and had good exposure.

oconditions represent those of -the interior portion of southern

California. Summers are long end hot. Winter temperatures are

in the velley at Santa Ana, and rainfall is greater.
hown in Table 6.

lower than
£ temperature, wind, end rainfell are s
classified as Chino silt

Records ©

Soil in the experimental tanks,

loam, was teken from the station grounds. Ground water was with-

in a few feet of the surface, yet there was no indioation of al-

xeli in the tanks after 2 years of operation. The station re-

ceived artesian water from the city supply. Tanks in whioch "Ber-

muda grass was grown were get in a large field of the same growth

to provide normel surroundings.
As a part of ﬂrm Sante Apa investigation, four tanks at

San Bernardino were filled with undisturbed soll in which was

growing a good Bermuda grass cover with fully developed root

pystems. In two tanks, the water table was maintained at a depth

of 2 feet and in the other two at 3 feet, the water table being

regulated by Mariotte apparatus. Grass growth was dense and

several inoches high.
) The everage annual depth of water used by the Bermuda grass
g water table 2 feet from the tank surface was 34.37 inohes,

4 28.19 inohes, which does

havin

while those haviang table at 3 feet use

not differ greatly from the water used by saltgrass. Monthly data

on consumptive use of water by Bermuda gress are given in Table 7.

Tules and cattails.--The round-stem tule or common bulrush

1th a round dark green stem growing to

is a perennial plant w

heights of 6 to 10 feet. It grows densely in shallow water along

n swamps, and drainage ditohes. The trimngular

stream channels, i

bulrush (Scirpus olneyi) 1s also an aquatic plant.
red and grow often to heights of 6 feet or more.

Its stems arse
three-corns Cat-
otimes olassed with aE.mm,m:n of similar height, is a

tall, som
perennial marsh plant with flat leaves apd oylindriocal head which

is filled with thousands of small cottony beeds.

Month and

__Year

1929
May
June
July
Auguat .
September
Ootober
November
December

1930

January
February
March

September

° Qotober

November

- Degember

Year

1931
January
February
March

August
September
Qotober
November

-December

Year

1932
January
February
March
April

maxi~ mini-

TABLE 6

Evapora-
tion from
Precipi- a Weather

tation  Bureau pean

Inches Inohes

- 7.78
0.12 8.89
- 9.78
- 8.81
.53 5.69
- 5.58
- L.98
-- 3.82
L.71 2.32
1.06 3.46
3.99 5.02
1.33 5.38
1.76 5.50
- 6.59
- 8.08
-- 7.54
- 5.47
H-NP M-NH
2.08 3.77
- 2.63
16.17 60.97
2.15 3.10
3.73 3.06
.60 5.77
2,73 4.89
.89 6.79
.06 7.38
m— 8.92
1.57 8.06
«2h 5.81
1.14 4.81
3.17 3.48
3.59 2.10
19.87 64.17
2.61 3.13
5.99 3.13
.20 T 5,24
.72 6.28

METEOROLOGICAL DATA AT SAN BERNARDINO 8
. TAT
SAN BERNARDINO, CALIF., 1929-32 Tou:

Wind movement

Total

Miles

902
1168
1391
1391
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B4y Rmnu - m689 -t Cattalils and tules were grown in tanks at the Banti-vala
=)
g station, the ground surface of the tank being submerged as in a
: ﬂ- m . = RN a . gwamp. Alr probably is supplied to the roots through the coarse
] ! 3 3
[ ! 3 w0
& .m ™ N oellular struoture of the stems and not directly through the soil.
d Dlom~ow v 20 N O Ground surrounding the tule tanks was free of vegetation during
g gomss o A% N 9
3] .m MENNN N N N W the first season but later was covered with grass,
A of Nt . 20 o 9 Cattail and tule tanks were in exposed looations, subjeot
- gl Bl Hedwe = A 1@ @
o & .m ot - to the full effect of solar radiation and wind movement. Tules
o
a own in tanks differ from those in swamps where protection is
A 4 Hasem 58, 8 & ? ?
m, 2 _m A LA afforded by surrounding areas of similar growth, lower tempera-
& - tures, and greater humidity. These factors have a controlling
° ] 299, 3 8%, & . _
- .m _m s ! L : > influence on the quantities of water consumed by the plants with
[»] g
m 0 - the result that water transpired and evaporated by swamps is con-
J of Ao o 2,% PO ,.m .
ol gl owon o oRRT R slderably less per unit of area than that used by similar growth
[a] -
9 A in exposed tanks. Aquatloc plants in tanks do not attain the max-
(7] 7]
4 o] of 2qAS 0 6:0;%@ %
m Bl 8 o4 o oo o jmum growth found in swamp areas. Tule growth in isolated tanks
w = .m e [ s = I .
M ﬂ rarely exoeeds &4 to 6 feet in height. Mazimum growth ocours in
F o Dlondo © &~ N9 0 :
s glonma A o & the swamp interior with shorter stalks around the edge of the
~ S m MmN N N -t ,
water, and in this respect the exterior growth is comparable to
) n N
m A m* glEaRR R & "ﬂ& m that in experimental tanks.
B ] @ [1} « e ® - 9” ﬂ/uﬁﬂ o . ) N
m | A ~ Because of abnormal exposure, consumptive use of water by
m
N J 218835 § A& ! 3 tules at Sante Ans was exzcessive. Round-stem tules used more
=] Q « e 8 9 . @ ] e h..
m <l glownn nomem wator than oattails, possibly because of greater density of growth.
m .ﬂ m 402 9 9,58 % Their consumptive use was frequently 1 1/2 inches per day, and at
ol e e e e r e e s
B GRS one time averaged an inch & day for a period of 6 weeks. The use
o .
m m_ o ninng 2 & uzzuﬂ ,—m m of water for the year ending April 30, 1931 was nearly 178 inches
W. 5 m O Fnn N 3t 8 or 269 per cent of the evaporation from a Weather Bureau pan.
- ol 4400 © W MO o 5 Data on use of water by tules and oattails grown in exposed tanks
5 gl mmown o dyeA ® | g
B m._ m O S N S R VA .m at Santa Ana are glven in Table 8. These data do not represent
m _ a S eonsumptive use under normal swamp conditions but are given here
, 88 B faeses 2 0owo Q 1 v . .
: m w.mﬂ.u _m DR B t0 show the extreme results which may be obtained under unnatural
fa EB#S o .
&
w comed A QO o gonditions. Without adjustment they are not appllioable to swamp
TITT T dddd o onditions
i gge8 g 488% & | &
i aZ3a% 2 RARAA A m Nevertheless, all tules and oattails do not grow in
f - =]
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b v i o - protected swamp areas. They are often found direotly OXPGi...~ 50
a8 OOl N rd et o ad )
MOm AdeAs A un and wind in narrow ribbons along stream channels and drainage
. m ARIRIES 38 33 ditohes where exposure is mearly similar to that in isolated
$1 9 0.1772901 ,Onu_ b=
5 g S54%sSs 8% Ad ¢anks. Under such conditions 1t is reasonable to expect that
sonsumptive use of water is somewhat less than from exposed tanks
. g RRENNge 28 &% ? :
, N M* m Hanusna ot e but considerably more than from larger swamps. .
. ~t
| by . I nwnnwot on na Midway between Santa Ana and San Bermardino, consumptive
| N g grivorw® om €g
W Q m m GINGOFWIN NN DO use of water by tules was asoertained in connection with a study
PN . . .
! 1 .8 iooan O~ 00 by the United States Geologloal Survey of the flow of the Santa
< " o & WmuNG |t i 3 y
m R_ m M N aa ¢ Ana River. As the statlon was isolated and daily visits were not’
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N ]
, m m_ .m %ﬁﬂﬂﬁwu n,w m% practicable, recording devioces were attached to both tule tank
* o Bl gl AmcHAed e ad 4 Weather Bureau evaporation pan. From the records, hourly
)l nl ONN own g 4
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both evaporation and transpiration is the delly increase or
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deorease with rising or falling temperature. The minimum rate Swinter months, evaporation from the soil and water in the tank

. sumptiv .
ooours near sunrise and the maximum in the afternoon. Consumpbiy oontinues in small amounts. Monthly records of consumptive use

spond
use, in the exposed tamk, is greater than evaporatlon and resp are given in Table 8. It is again emphasized that none of the

more readily to sunlight and changes in temperature. The rate of tule tank records is applicable to field oonditions without ad-

.u=meamu¢.
warmed by the sun, while consumptive use increases more rapldly, .

evaporation inoreases slowly until the water in the pan has been

The excessive use of water by aquatic plants muoi»um.

comes to a peak sooner, and declines more quiockly. In other words P otherwise than in their native habitat led to investigationms in

th \
the plant is more semsitive to the factors oausing water loss thag the Mojave Valley to determine the difference in consumptive use

is the water in the evaporation pan. by tules growing naturally in swamp areas and other tules trans-

on the morning of August 28 temperature was less vhan planted into exposed tanks removed from the swamp influence, and

ot
normel, and a light rain oocurred shortly aftes noon. The affe to establish a relation between consumptive use by natural swamp

of the rain in deferring aum morning inorease in consumptive use Perowth and evaporation from water. Both objeotives are importent

and in m¢muoum¢»ou until about 2 p.m. is poticeable. The precip= 17 tank data are to have value, partioularly if estimates of con-

Ltation caused a small decrease in the rate of evaporation until sumptive use are desired in other nearby localities where only

\ts effect was overoome by rising temperature. In gemeral, the evaporation data exist. With the relation onoce established, it

. Ho¢
nighest air temperature oocurred ab about 1 p.m. to 2 p.m., Whi 8 possible to apply it elsewhere within the same olimatio area.

the hlghest water temperature ogourred about 2 hours later. aro, Discussion of the Mojave Valley investigation appears on page 59.

same interval also 1s noticeable in minimum temperatures. Obser=-

Brush. W\ncHu arid and semiarid regions practiocally all
teor

vations elsewhere have shown the highest oonsumptive use of wa moisture from precipitation is held in the top few feet of soil
tempera- .

by tules ocours approximately at the time of highest air Lempers pwhore it is available for use by plents.. This is the condition

tures, although suoh ig not the case in this instance. in the foothill area of the Santa Ana Valley. Vegetation on out-

ith E
Coastal winds at the Prado station, in combination w iwash slopes may be divided roughly into two groups: perennials

se in

high temperatures, are responsible for & continued inoreese : having a woody structure, such as brush and shrubs; and annuals,
nd a
poth evaporation and consumptive use until midafternoon & a8 woeds and grasses. In this region precipitation ocours during

o 1 loss
higher rate of loss auwa at Santa Ana, The observed smaual 1 the winter months, and the summers are long and dry. Contribu-

B or P
from the exposed ‘tule tank reached & total of 251.3 inches ylon to underground water is limited to periods of heavy rainfall

. aximum
325 per oent of the ovaporation for the same period. The m sn the soil is moistened to field capacity below the root zone

daily loss wes 3.6 inohes.

, field oapaoity being the emount of water retained in the soil
Excessive rates of consumptive use of water by ﬁﬁwmm.pu an

ter exoess mobile water has drained away and the rate of down-

isolated tank were found also at the San Bernardino station. prd movement has materially decreased following an application

This tank was set in a permuda grass field. While the tule growt

: to 170.88 ]/ Field investlgations with dry-lTand brush and grass and weeds
was stunted by exposure, the water consumed emounted to 17 : {2 the Santa Ana River Valley and with tules in the Mojave River
pppmw were oonducted by Colin A, Taylor, Associate Irrigation
gineer, Division of Irrigetion, in cooperation with the Dlvision

: Water Resources, Department of Public Works, State of Califor-
n-

jnohes in 11 months. 1In southern California records are taken fof

%

each month of the year; although tule and catteil stems dle in a_
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This condition seldom oocours,

of water from rain or irrigation).
go that most of the moisture received ls absorbed by plant life.

27.00
18.82
19.10
17.67
16.50
18.54
17.59
14.93
12.66
16.35
19.58
17.67
16.50

) Without replenishment during the summer, soil moisture is de-

Water
used
by
native
brush
Inches

pleted by wwmnﬂ.:mm until there ig & deflolenoy at the beginning .

of emoh rainy season. .
In conneotion with rainfall penetration studies initiated

Oo® QOOow
° L) * e 9 o
WO

.0
.0
.0

Q
.0
.0

Inches

in southern California in 1927, various shafts, tunnels, and

below

tion pene-
trating
root zone

Precipita-~

speoial plots were prepared for soll-moisture -investigations from

whioh 1t was possible to determine the water comsumed by native

brush and by various weeds and grasses. Soil samples were taken

to depths below.the limits of root aotivity, and the moisture
The limlt of rain-

NN OO
[2a8eat: e o]

Initial
fall defi-
clency in
molsture

content

of soil
10.1

Inchses
12.
12,
12,

content was determined by standard practioes.
fall penetration, depth of root aotivity, amount of molsture ocon-

tribution to underground-water supplies and evaporation-transpi-

ration losses ochargeable to consumptive use were determined for

24.82
20.90
17.67
16.50
18.54
18.19
14.93
12.66
16.35
19.58
17.67
16.50

tation
Inches

2/32. 00

various soll types.
A 3-year investigatlion of natural brush plots on outwash

Precipi-

slopes indicated that about 19 inches of rain fell before any

material moisture passed beyond the limits of the root zone. The

e

brush veried with location but included chamiso, sage, squaw

bverry, sorub oak, cactus, end yuoca -- all oapable of existing on

Soil &

a small water supply. During the 3-year bmu»om rainfall at the

Gravelly sand
Gravelly sand
Rocky sandy loam
Gravelly sand

Clay loam

various plots ranged from 12.66 inohes to 20.90 inches, praoti-
During this

pplemented by sprinkling.

cally all of whioh was used by the brush cover.
period soil moisture within the root zones was often below fleld
.ombmopﬁﬁ. Under these oconditions rainfall and consumptive use are
equal, assuming no run-off. In years of greater rainfall, however,

or of rains falling upon scil filled to fileld capacity, some water |
Under the ]

TABLE 9
CONSUMPTIVE USE OF WATER BY NATIVE BRUSH IN SOUTEERN CALTFORNIA, 1927-30

Location

San Bsrmardino by
Claremont Tunnel
San Bermardino

Palmer Canyon

Muscoy

pasges beyond the roots to the underground basin.

istter oondition consumptive use might increase because of in-
Results of brush-cover inves-

Shaft south of Devil Canyon.
Natural precipitation su

oreased transpiration .opportunity.
tigations, shown in Table 9, indicate that all precipitation in

1927-28
1928-29
1929-30
1927-28
1928-29
1927-28
1928-29
1927-28
1928-29
1929-30
1929-30
1927-28
1928-29

e/

this mamw is consumed by the dry-land brush and that with this

amount of rainfall there is no penetration to the underground
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water table.

°

grass and
weeds
Inches
10.00
15.49
13.54
15.00
12.58
12.74
14.06
13.89
13.35

Water used
by natlive

Grass and weeds. W\;|o= grass and weed plots some penetra-

tlon beyond the area of root activity may be expected on the

coarser soll types when precipitation exceeds 10 to 12 inches.

1
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Precipita-

Initial
fall defi-
ciency in
moisture

content

of soil

Inches

6.9
k.6
13.2
6.0
7.1
8.5

Preeipi-
tation
Inches

10.75
15.49
13.54
17.25
12.58
12.74
14.06
13.89
13.35

£ 1.0

T

Soil ©
Fine sandy loam

Gravelly loem
Stony sand
Sand

Loam

Loam

Sand

Location

Cucamonga
Ontario
Ontario
Cucamonga
Wineville

CONSUMPTIVE USE OF WATER BY NATIVE GRASS AND WEEDS IN SOUTHERN CALIFORNIA, 1927-30
Ansheim

Records ending February 21, 1929.
South of Devil Canyon.

.Bstimated values.

1928-29 Y/ San Bernardino 2/

1927-28
1928-29
1929-30
1927-28
1927-28
1927-~28
1927-28
1927~-28

1
,

Here again the distribution of seasonal reinfall is an important
faotor wa deep penetration. A ocontributing factor also is the
density of growth. No run-off occurred from either brush or
grass plots. In a mejority of plots oconsumptive use by grass and
weeds equalled the precipitation. Use of water by grasa and
weeds under similar conditions is slightly less than by brush and
ranges from 12.58 to 15.49 aore~inches per acre. The factor of
rainfall likewise limits these values. A summary of the grass

and weed studies is shown in Table 10.

Mojave Valley, Californiae Y

Tules.--Studies on a:o_30um<m River at Viotorville, Calif.
were undertaken in 1930 with triangular-stem tules transplanted
into 2 tanks set deep »ﬁ a tule swamp and in & third tank nearby
which was exposed to surrounding desert oonditions. Evaporation
from a Weather Bureau pan mnm.amamouowom»omw data were obtalned.
Tule tank No. 1, 2 feet in diemeter by 3 feet deep, was set in
the ground in an open mumom,nmao4mn from the swamp influence to
which other tanks were subjected. Tanks Nos. 2 and 3, surrounded
by dense swamp growth, were 2 and 6 feet in dlameter respeotively
by 3 feet deep. Figure 7 shows a sketoh plan of the Viotorville
station and the general arrangement of supply tanks and soll
tanks.

Under such oonpditions data obtained from the swamp tanks
represent actual swamp consumptive use, and it is possible to
establish a relation with exposed and.lsolated tule growth and
also with evaporation from a Weather Bureau pan. The lnvestiga-

tion contlinued through 1931 and 1932.

-1/ Bee footnote 1, p. 55.
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FIGURE 7.-- Plan of Viotorville station.

The highest consumptive use occurred during qu%. averag-
ing 14.13 inches in nmwe: for the 6-foot tank protectsd by sur-
rounding swamp vegetatlon as compared with 63.38 inoches by the
exposed 2-foot tank. No meterial npwmmumbam in the use of water
was found between tanks of different size in the swamp. The
larger tank is buonmuumn as providing greater opportunity for
root expansion and maintenance of soil fertility. A oobnoummn
summary of evaporation, consumptive use of water, and meteorolog-

lcal data for the 2-~year period is presented in Table 1l.

For this periocd the average annual depth of water used by

tules in the 6-foot tank in the swamp was 78.45 inches as against
272,24 inohes by the oxmomma tank, olearly demonstrating the ef-
feot of unnatural exposure upon consumptive use. The second ob-
Jeotive of the investigetion was to determine the relation of
consumptive use to eveporation from a Weather Bursau pan. Durilng
the 2 years of study the average annual consumptive use was 7B.45
inches, or 95 per cent of the evaporation. This relation is not
constant but varies throughout the year from & maximum of 122 per
cent in September to a minimum of 57 per ocent in March.

The conditlons of evaporation from a Weather Bureau pan

and from a lake or reservoir are so dissimilar that w reduction

TABLE 11

VICTORVILLE, CALIF., 1931 and 1932

CONSUMPTIVE USE OF WATER BY TULES IN TANKS, EVAPORATION, AND METEOROLOGICAL DATA AT
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coefficient, determined by experiment to be 0.70, must be appliet
to pan records to obtaln equivalents for large bodles of water.
Appliocation of this value to Weather Bureau pan data at Vietor-
ville indicates an equlvalent lake evaporation of 57.72 inohes.
Using this value it is found that the nonm:Euau<m use by tules
in the swamp was 135.9 per cent of the computed lake evaporation,

which olesses aquatlc growth as e heavy user of water.

.

ADJUSTMENT FACTORS FOR LARGE

Tank records of consumptive use of water by aquatic growth
are not suitable for extension to large areas unless modified by
proper coefficlents whlch too often have not yet been determined.
Consequently, in many oases, tank uWaouam may be of little actual
value for the determination of consumptive use. Save for the re-
lation of swamp consump%tive use to evaporation, determined as 95
per cent at the Viotorville station in Mohave Valley, reduction
coefficients in southern California are lacking. The Santa Ana

TABLE 12

Valley tank records should be reduced through application of the
Viotorville factor. v

Table 12 has been prepared to show the consumptive use of
water by tules and cattails in swamp areas as percentages of ob-
served oonsumptive use in exposed tanks, the coeffioient of 0.95
beling used to reduce evaporation values to estimated swamp values.
Swemp consumptlve use as & percentage of observed tank use varies
from 29 to 55 per cent with an average of 4O per ocent. The fig-
ures indicate, on the whole and as far as a determination is
possible, thal oconsumptive use of water by =n¢:HmH growth in
swamp areas in southern California averages but 40O per ocent of
the observed consumptive use as indicated by tank reoords.

No adjustment faotor is necessary for grasses grown in
tanks surrounded by flelds of similar growth, es conditions are
s0 nearly those of the field that factors for these orops have

been taken as 100 per cent. It is emphasized that tanks should

be set low in the ground with their rims protected from the rays

SOUTHERKN CALIFORNIA, BASED ON TANK EXPERIMENTS

ESTIMATED CONSUMPTIVE USE OF WATER BY TULES IN SWAMPS IN

observed

tlon to
use

propor-

Swamp
use in

for swamp
condi-
tions L/

“Estimated,

Water used
by tu es

Observed,
from
tanks

Evapo-

ration

from &

Weather
Bureau

_pan

Type of vegetation

Location

FL)
=]
[}
o O~
(3]
("
o
[27]
.%5
o] o
ol t~
Al
]
o -
o o~
o] &~
.m2
2
F<{
ol N
_moc
[1]
~
fu
o
g
Fx
()
4
m
4
4
B
Q
~
~
B
O
Fx]
[
ot
|-

63.3
63.

63.
63.

Round stem tule
Triangular stem tule
Cattail

Round stem tule

Santa Ana
Santa Ana
Santa Ana

Santa Ana

251.3 73.5 29
39

1621

77.4

Triangular stem tule

Prado

62.8

66.1

Round stem tule

San Bermardino

40

Mean percentage

¢

e

Observed consumptive use by tules in tanks located in swemp under natural environment,

Compiled as 95 per cent of evaporatlon based on Victorville investigations.
February consumptive use estimated.
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have a somewhat higher rate of Swwma.ﬁmm. but date bearing out
such a oconclusion are lacking. .

No nmapnndm,»pmzam is available for =mm as an adjustment
faotor for willow or other brush grown in tanks. Hl dense growths
of brush the effect of sunlight end wind is modified by surround-
ing vegetation and consumptive use under such oconditions will be
leas than by isolated growth in field or tank. Considering dif-
ferenoes in willow distrlbution it is evident that an adjustment
faotor 1s not a constant, appliocabls to all conditions, but a
variable mwumun»mm upon density and size of brush area. Owing to
Awuomoud lack of evidenoe, eny factor selected must be only an am;
timate. Tor willow growth In the Santa >um.<mwwm%. where such
growth is partly in solid bloocks of brush and partly scattered,
it is estimated that consumptive use varies from 75 to 100 per
cent of cosmrawﬂp4m use by willows grown in exposed tanks. A
tentative factor of 85 per oent is adopted.

Use of water by wire rush grown in a tank at the Santa Ana
station exceeds that of any other growth except tules and cattails.
While the tank was not set in a fleld of similar growth, it was
surrounded by grass and weeds. It 1s possible, since the wire
rush did not grow in 1ts natural moist-land habitat, that ohange
of environment was responsible for the high use of water, but it
seems more probable that an ample water supply olose to the sur-~
face and an unusually heavy growbth were the direot causes.

A summary of tank investigations showing estimated adjust-

ment faotors and consumptive use of water in moist arems is pre- -

sented in Table 13.

TAHLE 13

ESTIMATED ANNUAL CONSUMPTIVE USE OF WATER BY NATIVE VEGETATION

UNDER FIELD CONDITIONS IN SOUTHERN CALIFORNIA
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40 per cent 1s obtained from Table 12.
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Temesocal Creek, Californle Yy

The effect of moist-land vegetatlion on depletion of stream
flow is well known to hydrologlists, nmmvwam a soarcity of publish-
od data. mam»lmmwm have long ocmou<mm.npﬁuumw changes in stream-
flow records which are attributable principally to consumptive use
of water by vegetation on adjoining lands. It can be shown that
these fluctuations Ew< be ocorrelated not only with transpiration
and evaporation but also with air and water temperatures, and that
minimum £low follows meximum transpiration.

Canyon-bottom vegetation.--A brief opportunity for this

type of investigation was presented in a seotion of Temescal
Oresk, near Corona, Calif., in April and May 1929. A reach of
ereek bottom, 2,100 feet in length, was gselected. The total ares
was 12.8 aores of coarse gravelly soil supporting a dense growth

of brush and trees and other moist-land vegetation. Of the total

area, approximately two-~thirds was olassified as wet land (that is,

land with water at or above the surface), while the remainder had
ground water from 2 to 6 feet below. The pu<mm¢pmmepou was H»Epﬁw
ed to a few weeks in the spring because prior to April water was
pumped from the ares and late in May the stream becams dry. At
this time of year there was no appreciable precipitation and no
side inflow ocourred from the adjoining hillsides.

At the upper end of the 2,100-foot section the remains of
a small masonry dam brought the underflow to the surface where
measurement was made through a Parshall flume. At the lower end
the abutments of a small highway bridge forced the oreek into a
narrow seotion where it was measured by a second Wmumunww flume.
Water-stage recorders were maintained at both oonirols. At the
lower end, the coarse soll permitted some underflow 2=wom was

‘pgtimated as follows: By means of recorder charts at- the upper

17 The fleld investlgation was made by Golin A, Taylor, Associ-
ate Irrigation Englneer, Division of Irrigation, in cooperation
with the Division of Water Resources, Department of Public Works,
State of California.

“ and lower controls differences in flow between these vo»u«wfé&mm

oomputed for 2-hour intervals during a 10-day period when cloudy
weather, with traces of rain, caused periods of minimum evapora-
tion and transpiration. On April 19 and again on April 20,
evaporation from a Weather Bureau pan at Onterio, approximately
20 miles distant, was but 0.04 inoh or the equivalent of 0.028
inoh of lake evaporatlion. With this low loss from evaporation
the consumptive use of water by vegetation in the early morning
hours of the same period must have been exoeedingly small. Wlth
evaporation and transpiration so low as to be negligible the dif-
ference in amount of inflow and outflow from the area must necss-
garily be attributed to underflow past the lowsr control, whioh
was thus estimated to be 0.14 cubioc foot per second. All remain-
ing differences above 0.14 ssoond-foot can be charged Lo oonsump-
tive vse of water by the vegetatlion.

A summary of results, given In Table 14, indicates a total
loss of 12.9 acore-inches umu acre for the 30-day period April 28
to May 27, 1929, This was three times the loas from a lake sur-
faoe as indicated by Weather Bureau pan records at Ontarlo.
Figure 8 shows the daily fluctuations in stream flow and the
loss of flow due to oconsumptive use of water by vegetation be-
tween the upper and lower controls. The effect of the advancing
geason in inoreasing the consumptive use 1s shown by the diver-
gence of the lines representing stream flow at each point of
measurement. GComparison of plotted temperature and rate of oon-

sumptive use by tank vegetation is likewise shown.
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TABLE 14

CONSUMPTIVE USE OF WATER BY MOIST-LAND VEGETATION AS INDICATED
BY STREAM LOSSES IN TEMESCAL OREEK, GALIF., 1929 1/

. Rate of pomm

Loss of flow in

Date Temesocal Cresk Day Week
) Acre inches Aore inches

1929 Second-feet Acre-inches per aocre per acre
April 16 0.010 0.24 0.02 -
April 17 .035 .83 .06 -
April 18 .026 .62 .05 -
April 19 .01l .26 .02 -
April 20 .024 .57 .0k -
April 21 02 1.00 .08 -
April 22 043 1.02 .08 0.35
April 23 .052 1.24 .10 -
April 24 .070 1.67 .13 -~
April 25 .078 1.86 b --
April 26 .080 1.90 .15 -
April 27 .079 1.88 .15 -
April 28 .09 2,2L .18 -
April 29 .105 2.50 .20 1.05
April 30 .118 2.81 .22 --
May 1 132 3.14 2 -
May 2 .162 3.86 .30 -
May 3 .156 3.71 .29 -
May & .163 3.88 .30 --
May 5 <154 3.66 .29 --
May 6 152 3.62 .28 1.92
May 7 .150 3.57 .28 --
May 8 .176 4.19 <33 -
May 9 .178 L.2k <33 -
May 10 .188 4,48 <35 --
May 11 .220 5.2k Al -
May 12 .23 5.57 o lply --
May 13 .259 6.16 48 2.62
May b4 .290 6.90 5k --=
May 15 .298 7.09 «55 -
May 16 .298 7.09 .55 -
May 17 .307 7.31 .57 -
May 18 .278 6.62 .52 -
May 19 . 268 6.38 .50 -—
May 20 .267 6.36 .50 3.73
May 21 .297 7.07 55 ~-
May 22 .298 7.09 55 -
May 23 .318 7.57 .59 -
May 24 .330 7.86 .61 -
May 25 <353 8.40 .66 -
May 26 347 8.26 .6l -
May 27 <343 8.16 64 b, 24

1/ Area involved equals 12.8 aores.
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. FIGURE 8.-- Stream flow, consumptive use b
y moist-land vegetation
and oomparison of rate of consumptive use by tank <omo¢Mn»ou '
with air temperatures at Temesoal Creek.




SUPPORTING TANK DATA

The general data secursd by measurement of consumptive use
of water by atream-bottom vegetation led to further study of sim-~
ilar vegetation grown in tanks. Two tanke, each sbout 2 feet in
diameter by 3 feet pmmwy were set in the ground near the upper
oontrol where surrounding vegetation was nearly representative of
that in the entire area. Tank A was planted to tules and reeds,
while small willow shoots were set in tank B, Measurements of
use of water by the tank growth were carried on from oaaoawu 1929
to Juns 1930 at this location. In June, tank B was moved 20 miles
to Ontario and fitted with a sensitive automatioc devioe for sup- .
plying water to the tank as it was oonsumed by the vegetation, and
with a recorder for ouam»u»umvoouﬁpu:ocm hourly records of these
losses. The willow shoots ln tank B were not repressntative of
normal willow growth because of their small size. In faot, they
failed to survive the winter months and were gradully supplanted
by swamp grass and weeds. Water was maintained at about 3 inoches
above the ground surface. The monthly use by vegetation in the

tanks is shown in Table 15.

TABLE 15

CONSUMPTIVE USE OF WATER BY SWAMP VEGETATION IN TANKS AT
- TEMESCAL CREEK AND AT ONTARIO, CALIF., 1929-30

Water used
Tank A Tank B
Willow shoots,

Month and swamp grass,
year Looation Tules and weeds
1929 Inches Inchesn

Ootober Temesoal Creek 16.79 6.64

November Temesoal Creek 9.15 5.52

Deoember Temesoal Creek 4.83 3.81
1930

January Temesoal Creek 3.91 4.23

February Temesoal Oreek 2.7 2.95

March . Temesoal Oreek 4.82 L.61

April Temescal Creek 11.53 9.19

May Temescal Creek ' 14.33 W\Hr.uq

June Ontario - T 18.45

July Ontario - H\mw.mo

August Ontario - 30.67

I/ Tot applicable to large areas without ad justment .

It will be observed that tank consumptive use of 14.3 in-
ches for May does not differ greatly from the average swamp use
of 12.9 sore~inches. The larger use. should be expected on ac-

count of the artificial condltions in the tanks. Moving tank B

" %0 Ontario in June placed this tank under conditions radiocally
different from those inherent in swamp areas, and the consumptive-
use reocords for June, July, and August are neither applicable to
field oonditions nor comparable with previous records at Temescal
Creek. Their value lles in the ochart records obtained and the
opportunity presented for comparing the rate of consumptive use-
of~water csurves with the daily temperature curves shown in Flgure
8. The maxime and minima o&.ﬁ:mmm curves occur respectively about
the same time of day.

The effeot of consumptive use on ground-water levels is
apparent on the stream-flow chart. Under normal oconditions the
draft on the water amuwo,ﬁowwoswaw the peak of transpiration is
ghown by the falliing side of the curve representing daily stream
flow. At this time consumptive use exceeds the recharge of the
basin and the water table is dropping. At the bottom of the
ourve, consumptive use and recharge are balanced and the water
table begins to rise. During perlods of maximum consumptive use,
the recharge may not equal the daily loss, and under these condi-~
tions the dropping water table is reflected in lower stream flow.

As sunlight and temperature so greatly affect transpiration
and consumptive use by plants, the following discusslion by Taylor

vﬂﬁv on the effects of insolation is applicable:

PROBABLE LIMITS TO THE LOSSES ALONG
T OTREAM CHANNELS

"The indicated loss of 12.9 inches in 30 days at Temescal
Oreek, together with still higher rates of loss from small isolat-
od tanks of swamp growth, has led to a consideration as to what
the probable limits for losses in moist areas along stream chan-

nels might be. The radiant energy received from the sun, or
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insolation as it is termed, suggests certain.upper limits to the "The disoussion of the receipt of enmergy, other then the

amount of water that may be vaporized over largs swamp areas. vertiocal ooEuonome from ﬂrm»m:n. leads to a consideration of what

quammm daily records of »nmovmwuou are published in the Monthly the effect might be on very small patohes of swamp growth. The

Weather Review for stations at La Jolla, Pasadena and Fresno. extreme case may well be considered as an isolated tank of swamp

The equivalent water of vaporization for the insolation received growth two feet in diameter set in otherwlise barren ground. The

at Pasadena and Fresno for the oalendar year 1929 1s as follows: radiant energy intercepted by the plant growth in the tank must
noommmmupwa be a greater amount than the same area of growth in
Equivalent water

of vaporization a swamp would receive because the isolated tank growth has a side

Total mnucmHW\ at 68 degrees
Station insolation Fahrenheit exposure that in a swamp would be proteoted by surrounding plants.
Gram oalories per Depth The analogy that might be drawn is that of a lems focusing the
gguare centimeter in fest
Pasadena - 165,416 9.27 sun's rays on the restrioted area of the tank.
Mwmwwmm wmonmow w“ww "Take the oase of the two-foot tank used at Ontario in

studying the correlation betwsen air temperature and transpira-

"This suggests that, if all of the radiant energy recelived tion. The loss for the month of August, 1930, from the Ontario

from the sun were used in vaporizing water, 1t would be possible willow and reed tank was 30,67 inohes depth. This is about two

to lose 9.39 aore-feet per acre annually, as an average for the and opne~-half times the depth of water that could be vaporized by

two stations, as the result of insolation. the insolation falling on the horizontal area of the tank. A

"Using the Fresno records for the period April 28 to May pertial explanation is that the tall growth in the isolated tank

27, 1929, we have the insolation as’ 20,467 gram oalories per intercepts a muoh larger amount of insolatlon than the same arsa

squars centimeter and the squivalent water of vaporization at of growth would receive in a swamp. But in the oase of the manHH

68 dogrees Fahrenhelt as 13.8 inohes. This 1s for the sems per- ‘tank, the heat energy brought to the growth in the tank by air

iod that the indicated loss from the swamp on Temesoal Creek was movement also 1s relatively large. An experiment investigating

12.9 inches. It is likely, then, that the rate of loss was ap- this point was performed at Ontario on August 22, 1930. On this

"date, the willow and reed taik wag shielded from the direct rays

. . proactiing wdm probable maximum when the tests on Temesgal Creek

TN

oeased, due to a failing water mcmeq late in May. There is soms of the sun by a corrugated iron roof, eight by ten fest, placed

additional supply of heat to the swamp area from the surrounding Just high enough to olear the plants and allow free lateral wind

rocky canyon walls and from the strong draft of air flowlng movement. The record of water loss is shown in Figure 8 (this

through the canyon. On the other hand, not all of the lnsolation bulletin). The full 1ine on August 22 is the actual loss with

recelved direotly om the swamp area is used in vaporization. the tank shielded. The dotted line is the average of August 21

Some of the radiant energy 1s stored in combination within the and 23. The values are:

plant tissues, some is reflected from the plant surfaces and part

Loes Auguet 21 1.296 inches

goes into heat storage and in part is again radiated back to the Loss August 23 1.274 inohes

aky Average loss for August 21 and 23 1.285 inohes
) Loss August 22 0.778 inoh (with

tank shielded)

I/ TDIreoct plus diffuse recelved on a horizontal surface.




"The heat supply for vaporizing this 0.778 inoh of suﬁou;

on August. 22 must have oome almost entirely from the moving air
currents passing through the growth in the tank.

"However, when a large swamp area 1s considsred, there
must be a rapid drop in temperature of the air as it passes
through the swamp growth 1f 1t ls to glve up its heat supply at
the rate indlcated by the above experiment. As soon as the air
is oooled to the same temperature as the plants there oan be no
further transfer of heat from the air to the plants. When this
ocondition 1s reached, the energy for vaporization must oome
solely from Hnmopmawon.,

"It may be expeoted, then, that small isolated patohes of
swamp growth will show rates of loss per unit area -higher than o
that acoounted for by insolation alone, but it also is probable
that the loss from an extenslive swamp area is limited to a value
not widely variant from that indicated u%.»nmowma»ou.

"The inferenoe is that in oonduoting tank work to gain
data for use in estimating losses from field areas, that the
tank should be set in a field ow.mnoﬁar similar to that in the
tank and the outside growth must completely surround the tank
80 the exposure of the growth in the tank is normal."

Coldwater Canyon, California v

own on-bottom vegetation.--The mountain slopes of southern
California support a growth of dry-land chaparral whioh must de-
pend upon the immediate precipitation for moisture, but vegetation
adjacent to small canyon streams is of a more water-loving nature.
This includes such broadleaf trees and shrubs as wwnwump willows,
syoamores, and California laurels, changing at times to coniferous
types at higher altitudes. As evidence of their water-loving

ocharacter these specles are seldom found away from a dspendable

I/ The fleld 1nveatligation was made by volln A. Taylor, Assoolate
Irrigation Engineer and Harry G. Niokle, Assistant Irrigation
Engineer, Division of Irrigation, in cooperation with the Division

of Water Resources, Department of Public Works, State of omw»aoﬂb»mw

!...E\\\
water supply. The effeot of suoh vegetation on depletion of flow-

ing streams becomes inorsasingly important as water becomes scar-

oer and more valuabls,

Lack of data on consumptive use of water by oanyon-bottom

growth led in 1931 to an investigation in selected seotions of

Coldwater Canyon, near San Bernardino, 0alif., to mmacuapnm
stream losses o#p&ﬁmaewm to this type of vegetation. The initial
investlgation ocovered a seotion of canyon 2,090 feet in length
between elevations 2,300 and 2,500 feet, the average bottom width
being 49 feet. The area comprised 2.36 aores of typlical ocanyon-
bottom growth. Within this area vegetatlion depended for water
entirely upon the flow of Ooldwater Canyon. Beyond the influencs
of the stream the vegetation changed rapldly from aldsrs and
syoamores to dry-land ohaparral. During the second year studies
were extended :umﬁamms to ipnclude also an upper ocanyon seotion
itmediately adjacent to the lower seotion. This lay between ele-~
vations 2,500 and 3,100 feet; it averaged 44 feet in width and
was 5,875 feet in length. Thus in the second year the investiga-

tion inoluded nearly 8,000 feet of oanyon bottom. The area of

the upper section coversd 5.89 acres of growth nearly similar in
type to that of the lower ssotion. A vegetative olesesiriocation
of both upper and lower sections, shown in Table 16, gives alder ;
as predominating, with California laurel- showing the next highest ;L
percentage of total growth. The under story aObmHmdmn of soatter~ m
ed grapevine, blaskberry, poison oak, and fern bracken. Plate II-
B shows alders growing between the lower and middle controls.
Bedrook ocontrols at the upper and lowsr ends of each sec-
tion Insured complete measurement of all water in the canyon.
Parshall flumes were installed with water-stage recorders for
the earlier records, but for greater convenience these were later
changed to direct flow recorders. The small flow in dry seasons
made necessary a modification of the Parshall flume that would

measure acourately low flows in summer as well as maximum flows

during spring floods. For this purpose the Division of Irrigation
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TABLE 16

IN COLDWATER CANYON NEAR SAN BERNARDINO, CALIF.

VEGETATIVE CLASSIFICATION

-

Upper section of canvon
Propor- Trees Propor-

Lower section of canyon

Trees

tion of
totgl

tion of and Meximum
gshrubs diameter

and
shrubs

total

diameter

Type of vegeta;ion

Per cent

Inches

Number

Per cent

Inches

Humber

e 7.714.’4..)7“ nw
SAO\O0 0 N
~ o

1
7
I
2
2

Mountain mshogany

California laurel
Willow
Cedar

Maple
Oak

Sycamore
Cottonwood

Alder
Spruce

/

100.0

2688

900

Total

100.0
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o,
investigators designed the satisfactory oombination Parshall flume

previously desoribed in detail (p. 33) and shown in Figure 3.

This permitted a range of discharge from a minimum flow through a
© 3-inch Parshall flume up to0 a maximum of 23 seoond-feet through
the 2-foot throatb.

Flow recorders were used to eliminate a large part of the
routine work of oaloulatlon. They consisted essentially of a
spiral ocam that meohaniocally computed the stream flow at the point
of control. The cam was gsared to a float pulley wheel and a pen-
0il cord attached to the cam. For greater acouraoy a 30-inch
diemeter float was used, &s it was found that smaller floats per-
mitted lag in the record. Movement of the float with rising or
falling water was transmitted through the pencil cord ao.w record-
ing ohart whioh gave direot measurements in units of discharge.
Superposing two charts, one from each control, and measuring with
a planimeter the area between the aim gave the daily loss of water
in the stream between points of measurement. Flow recorder in-
staellation i1s shown in Plate III-A.

Equipment was likewise developed to measure the transpira-
tion opportunity. Briggs and Shantz (7) showed that evaporation
from a shallow black pan was in oloser correlation with euwumuwumr

"tion than that obtainable with other devices.

With this in mind
an evaporimeter was designed with such an ndwvowwﬂpou pan attached
i 0 the welghing meshanism of a recording rsin gage, so bthat oon-

btinuous records of loss of water were obtainsd. The practiocal

depth of the pan, suffioisnt for one day's meximum svaporation
Wpomm. was limited to 0.6 inoh.
wuoanmmwu< to refill the pan with water sach day on account of its
shallow depth. .

The diameter was 2 feet. It EWm

From the charts, hourly rates of evaporation were
obtained.
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PLATE IIT

A. TFlow recorder installation in Coldwater Canyon: above, 7-day
chart on clock-driven drum; below, spiral oam which permlts a
direct record on the chart in units of discharge.

B. Site of experimental station at Isleta, 2..zmx..,muoswﬁm type
of surrounding vegetation. Consumptive use of water by sedge
was determined in the small area fenced at the extreme right.

8

The consumptive use of water by ocanyon-bottom vegetation is
taken as the difference between the flow at the upper and lower
controls of each section of creek bottom. Previous to the initial
work a survey of the rock ocﬁmuov in ravines entering the canyon
indicated that there was no side inflow into the stream.

The characteristic curve of transpiration demend is simllar
to the dally discharge curve of a flowlng stream, mwa:orm: the
maximum and minimum no»ﬁam.ow the ourve ocour at different times
of day. Transpiration is at a maximum in the early afternoon and
at a minimum about sunrise. Stream flow, on the other hand, on
clear days and %wa: normal transpiration, has a maximum during
midmorning and a minimum in late afternoon. Figure 9 shows a
curve of stream discharge at the middle control for the period
August 9 to 15, 1931. On the 9th, 10th, and 1lth the days were
warm and discharge curves were normel in appearance. On the 12th

a light rain reduced transpiration and the sffect was shown in a

T e |
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PIGURE 9.-- Flow at middle Coldwater Canyon control.




80

mpnamw rise of the stream surface., The 13th and 1l4th were cool
and cloudy, transpiration was low and there was little fluctuation.
The 15th ewm again warm, transpiration inoreased, and the stream
surface dropped.

The dally loss of water from the stream in both upper and
lower sections of ocanyon bottom is shown in emawom 17 and 18.
These data are arranged to present also the average daily losses
for each section of canyon and the average loss per day per 1,000
feet of stream bed. There was considerable differenge in losses
in the two growing seasons. In both years thers was outflow at
the lower oouﬁuow. henoe never a shortage of water for the trees.
The summer of 1931 had some light reln and cloudy weather, whereas
in 1932 the weather was clear. On the other hand, in 1931 temper-
atures were higher than during 1932, which would tend to offset
the effeot of oloudy periods. On the whole, there seems to be no
reason why oconsumptive use should be greater in one season than in
another.

It will be observed also that consumpbtive use by trees in
the upper stream seotion 1s less than in the lower section. This
cannot be mocounted for by density of growth. as drmum.mum more
trees per acre in the upper section. In the lower canyon, however,
alders account for 81.9 per cent of all trees and shrubs whereas
in the upper canyon they are 47.9 per cent of the totel. In the
upper sectlon there i1s an inorease in California laurel from 4.1
per cent to 26.1 per cent. It appears probabls «rnw the fewer
alders in the upper section scoount for the smaller consumptive
use,

The consumptive use by canyon-bottom trees and shrubs from
June to October commands attention. This is the period of maximum
use, not only by natural growth but by irrigated orops as well.
In mmauamwwum water supplies for irrigation a knowledge of the
effeot of consumptive use of water by alders, willows, and other
gtream-fed vegetation on depletion of stream flow »n important to

engineers, The study shows a maximum use of 13.7 aore-inches per

TABLE 17

OONSUMPTIVE USE OF WATER BY CANYON-BOTTOM VEGETATION AS INDICATED

BY STREAM. LOSSES IN COLDWATER OANYON NEAR

SAN BERNARDINO, CALIF., 1931-32 1/

Loss of water from stream between middle and lower controls

uww 1931 1932
o
month Aug. Sopt. Qot. Jume July Aug. Sept. Oot. Nov.
Aore- Acre- Aore- Aore- Aors- Acre- Acre- Aore- Aore-
inches »bauom puouam inohes inches inches inches inohes inoches
1 |uo mm - - 0.85 H.wo 1.07 0. 64 0.40
2 .mu Q.22 - .75 1.11 .97 A48 .12
3 .mo 31 - .66  1.15 .95 - 60 -
4 .78 - 42 - O 1,210 1.12 .70 -
w .ww -mr .Wo -- H.wm 1.20 1.01 H.om -
. . . - .07 1.27 1.03 .7 -
7 .65 .62 m\.w -— .83 1.22 1.28 .51 ——
8 .73 49 -- -~ 1.02  1.19  Ll.k4 .6l -
9 .66 40 .01 - .96 .92 1.19 - ~-
10 .56 .37 .08 - .92 .76 .91 .92 -
11 49 .55 .02 - .96 .91 .86 .96 -
12 - .57 .15 - .83 1.01 1.01 .82 -
13 - 63 .31 - .61 <92 .97 .58 -
14 - .22 .30 - 9l .86 1.01 .85 -
15 ~— .27 .35 - 1,05 .95 .95 1.01 -
16 2/ A7 m\,u - 1.09 1.08 .78 .76 -
17 .87 .Nm .1 - 1.15 1.31 .61 bily -
18 .97 .65 - -~ <98 1.38 - .58 -
19 .87 .25 —— - 91 1.41 - .69 -
20 .93 - - - 1.05 1.29 - .54 -
21 .88 - - - 1.16 1.25 - A5 -
22 .91 - - - 1.17 1.28 .83 .33 -
23 1.04 - - - 1.33 1.15 9L « 29 -
2k .99 - - - 1.32 1.18 .94 .31 -
25 .96 - - 0.70 1.26 1.15 .81 oAphy -
26 1.00 + 29 - .72 1.20 .99 .68 <54 -
27 - .32 - .76 1.07 .71 .58 .58 -
28 - .25 - .82 .91 .60 42 48 -
29 .38 m\.om - 1.04 1.04 .58 .83 42 -
30 A7 .20 - <95 1.04 .50 « 5k %) -
31 .56 - -— - 1.07 .69 -— .52 -
Mean 75 42 .25 .83 .98 1.04 .91 .61 -
Mean per
day 3/ .36 .20 .12 .40 47 .50 b .29 .-

1/ Length of meumma. 2,090 feet between middle and lower controls.
For couﬂpou of day onw% and not inocluded in mean.
Per 1,000 feat of oanyon bottom.
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OONSUMPTIVE USE OF WATER BY CANYON-BOTTOM VEGETATION AS
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' aore of ocanyon bottom in August and a total of 47 moam|»umd@mxwmu

TABLE 18

aore in the period July to: October, inolusive. This amount ex-
INDIGATED BY STREAM LOSSES IN COLDWATER CANYON oeeds water used by tules in & swamp at Vigtorville and 1s about
NEAR SAN BERNARDINO, GALIF., 1932 1/

2 1/2 times the amount required by either saltgrass or Bermuda

Loss of water from stream between grass where the water table was but 2 feet from the surface.

Day upper and middle opMﬂwowm
Emwd: July Pcmmnﬁ September Ootober November Studies ﬂu mmgnmmwwﬂc;mmm Joaguin Delta, nmvuwouunw W\
Acre- Acre- Aore- Aore- Acre-
inches inches inches inches inches The Sacramento-San Joaquin Delte area 1n California differs
W - m“%w m”mm oumw OHNN from the mozauma=.boa&uou of the State in the ooabmumapqn sase
m -- m.mw w.mw , H.Mw o with which water is secured for orop use., In the southern portiom
- 2.53 2.50 1.91 - water is scare a d wat d at t t
w - 5.3 5 52 1,60 o 8 scarce and ground water is found at depths beyond the
M -- w“mw w”mw “ww - reach of plant Honﬁm. In the Delta, espeoially in the peat lands,
Hw -- w“mw m”mw a9 - water is close to the surface, even invading the root zone, and
ww - W.Ww -- w.wm - open water areas are numerous. Under these oonditions tule and
ww -- W.MM - w.ww . - cattail growth is encouraged and many areas, now considerably de-
15 1.90 1.70 -= 1.71 - .oreased in size by reclamation,’ support aquatic plants. Weeds
16 1.80 2.1 1.99 1.8 -- v »' BUPP 1 P
17 1.93 2.2 1. . - ' 1 d th -
15 1 2,55 e W.mm o likewise are prolific because of high ground wateir anm e oppor
19 1.00 2.32 -- . -= .tunity of obtaining an ample water supply. In addition, a long
19 p.,:m w»w - w.wm o y g w pply )
21 1.9 B - " - * t1
P m.ww m.ww w.ww W,Ww - growing season and high summer emawmumﬁnuom_»noummmm transpiration
23 1.9 2 . . - rates. As a result of these conditions wild growth often extracts
i RO R R . m |
25 2.05 . . . - from the soil large quantities of water.
26 2.10 2.15 -- 1.hds - ~ _ ge q
27 1.96 1.47 -- 1.30 - Tules and cattails.~-As in other seotions of the State,
28 2.05 1.11 - 1.03 - ¥
ww w.ww w.wm ) - .ww - investigations have been oarried on by the Division of Irrigation
3 2.29 - - 1.02 - in oooperation with the Oalifornia State Division of Water Re-
i sources to determine monthly and annual use of water by aquatic
Mean 1.91 2.05 2.23 1.19 - . ¥y Yy aq
. and weed growth. Data on quantities of water consumed by tules
ean per
day 2/ .32 <35 .38 <20 == and oattails grown in exposed tanks at Clarksburg are given in

Y

able 19. The excessive mont t
Length of atream, 5,875 feet between upper and middle controls, * 9 x ® monthly rate and the high annual total

Per 1,000 feet of canyon bottom. should not be taken as aoctual consumptive use under normal condi-

tions of growth. Previous disoussion has shown the fallaoy of

.attempting to determine consumptive use of water by plants grown

L/  F¥leld work was conduoted under the supervision of the late

+ Vi P, SBtout, Irrigation Enginesr, Division of Irrigation, in
ooperation with Division of Water Resources, Department of Publio
@ouwm. State of California.




i
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e R
¥ under unnatural oondit
“m T T NR3MR 3834989 ural oonditions, without adjustment.
m M tea mmmmm mmmmmm. Because of the high rate of consumptive use in exposed
B tanks, other lnvestlgations were undertaken at King Island in the
N R R mﬂﬁmﬂ%wmm% )
m__ m R T ST N R A S S PR O SO Delta, with simller growth in tanks set in natural swamp areas.
| hal Under these conditions, recorded consumptive use more nearly
2 . o -3 800 oo
T 4 ARRL3E BWRISA [&JWE 348303 approximetes motual swamp use without the necessity of applying
R | 8 gdoddd gndddd oo geeees _
N @ gl A a modifying factor. Data from this investigation, shown in
m . m JNURe QupgNe 9oany JIBNER Table 20, while not as complete as in the previous table, indi-
Ity = s v e » 2 6 e o 8 ¢ “ 6 v ot 4w . e s 8 on
OG-0 WHEMNAD 0WNNoo 597866.
m 8 m ARAAL JRAINAR JFARAR NAAAAA oate that moctusl swemp use of water by aquatioc growth in this
] o m 23BN SNBINS 33835 BREB8I88 rogion is about 46 per cent of amounts indicated by exposed tank -
. A SR T R A T S A I I D B
_ Hw* m L3R 2A2YNET N8239 ANKRERR data. This indication closely agrees with the average of approx- !
:. m ) .m ©90eRY QYUNYL “R.M,Mﬁ. %%Ez;&ﬂn ) ‘imately 40 per cent resulting from the southern California inves-
: 3 ol A20%% A2nZAN AGNRA RAANNAR & ‘ tigations. TFrom incomplete data, Lee (18) has estimated that a .
L .m d i
o - [«] e s
! D - factor of 50 per cent applied to consumptive use by tules and
| g 87 gueess 230984 R4RSR BRI | 4 _ ’ prided ° v
8w el m Adedn qandgon andgd ZARARAR .m _cattails grown in exposed tanks will closely approximate actual
2 .
Ry w 9 - swamp consumptive use of water. It seems thet a valus between
; =
| o & g Hirrer pipig 33838 anadad )9 ,,
- .m m vt drdnn gogdde m wrc or 50 per cent may be used with safety. It will be seen that
m m NN ” - aguatio growth uses large quantities of water.
g m SENE N EER R Mw.m.mqu §E~and : ; ' Weeds.--The measure of encroachment of ds .on the water
] d 3 JRERE RRRANN 3 Hesce: ont of weeds o
: g . +“mm_ supplies of irrigated orops has also been given consideration.
, 2} 4ONON OO0 NS o BN -
g M L_ abrar et b MMMMM HHHHHM mnw * fhe results warrant the statement that weeds are likely to use
- I edrdrdet NAARA oW
m <4 mnm gore water, im proportiom to the ground actually occupled, than
w0 O N0V -FND R
B _ m SERRERERER ! %2%%2 NHH“HM t.md he general run of orops. A heavy stend of what is known looelly
! NRTaR¥eRred o o . v ¢
H m 8 mwm in the Delta as smartweed (Polygonum acre) is likely to use two to
¥ ; .
m . m SEEEIRRREEE RI488 238R333 smu . hree times as much water s is required for the proper irrigation
= o 8 ' NN NN NN ]
B = & . m“.m, f alfalfa. Ourly doock may use &8s much as 100 inohes in depth
e .
. m 2% i v 9B3ES 333 Mm m.m.“ luring a single season where there is an ample water supply within
ghogfrer UL L S O S I 988 .
m sl g -1 apy reach of the plant roots. Results of weed investigatlons in
Ot . :
m 4 Mffm. he high ground-water Delta area are shown in Table 21. According ;
~ ’ : .
g WM s a mmm o 8tout (30) nearly 300,000 acre-feet of water, or 24 per cent of i
[3) 4 O —t s} ] . R
“m m a g w m...mm he annual oconsumptive use in the Delta, goes to sustain plants
i 2 8 o ey )
B k] m 3 & [ erving 1ittle or no useful purpose. He estimates that about five :
g 855
'
y 2TLRD AZRRLD =¥=1-1-1-3 Nmmmmm arts go to orops and such weeds as grow in the field with them, -
g g8%da 38553 99599 AAARL | ARR

nd two parte to nonorop plants of all kinds which grow apart from '



TABLE 20

1930-32

SACRAMENTO-SAN JOAQUIN DELTA, GALIF.,

!
:
W
:
m
:
:
m
B
!

CONSUMPTIVE USE OF

Yater used

gty

st

Type of

vegetation

Year

Dec.g/
Inches

Hov.

Oct.

Sept.

Inches Inches Inches Inoches Inches

June

A

Jul

May
Inches Inchgs

HMar. Apr:.
Inches Inches Inches

Feb.

Jan.

¥ear

Inches

Inches

2

2
Tules &/

Cattalls
Cattails
Tules
Tules
Cattails

1930

R8
5%
-

.96
2.16

L.20
L.20

9.00
8.

18.00 14.40 16.32 10.92
12,24 11.h,0 16.20 11.16

9.96
6.00

6.60
5.88

&/

1932

1930 records cover July 23 to 31, inelusive.

inolusive.
und surface.

1 to 16

Water table at ground surface.
Water table 12 lnches above gra

1930 records for Dec.

y
/

Type of vegetation

TABLE 21

Cookleburs
(Xanthium canadense)

Nettles

Smartweed
{Polygonum aors)

Prickly lettuce
{Lactuca soariola)

EKelp (Polygonum
mmmvpmmzaw

Lambequartsrs
{Ohenopodium album)

Nut gress
(Cyperus esculentus)

Curly dook
{Rumex orispus)

Goldenrod (Solidago
oocldentalis

CONSUMPTIVE USE OF WATER BY WEEDS GROWN IN TANKS AT
KING ISLAND, CALIF., 1932-33

Average
depth
to Yield
water per acre
table Period of regord {air dried)
Inches Tons
i 1%
Apr. 13, 1932 to ‘
wm Nov. 8, 1932 w”wm
42 8.16
— 1.88
- Apr. 6, 1932 to
"7 Dec. 30, 1932 327
i S
.62
Apr. 12, 1932 to
36 Oot. 6, 1932 wm”wm
L2 18.01
i b
Apr. 20, 1932 to °
3¢ Sept. 13-28, 1932  [:29
h2 12.88
i i
Nov. 16, 1932 to :
22 ’ 3.23
31 Nov. 10, 1933 3.1k
36 h.35
3 £-4
.52
May 11, 1933 to
30 ; 6.11
30 Sept. 20, 1933 7.15
30 6.68
18 2.29
18 June 3, 1933 to 5.19
24 Nov. 8, 1933 3.37
24 3.60
18 Feb. 13, 1933 to 13,70
24 Nov. 10, 1933 13.75
30 May 31, 1933 to g.88
30 Nov.10, 1933 5,62

S

113.76

43.20
55,32
70. 4L
72.00
99.72

105.72
87.48
61,08
50.88
73.44

52.92
52. 414
4,6.08
51.84
54,84
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An examination of the data suggests that caution be used

the anobmw It is not known that similar estimates have been made

for other irrigated regions. Probably in only & few of them iwswn“ ‘in extending certain measured losses to wider areas. All tanks

the figures be as impressive as In the Saoramento-San Joaquin were grouped at a oentral station, but it is extremely doubtful

Delta where ground water 1s near the surface and subirrigation is that consumptive use as determined represents field consumptive

practiced. use of all orops. Crop overhang of vegetation spreading beyond

the tenk area, as in the swestolover tanks, without doubt induoces
Northern Colorado Studies

AL AA LB AL L LS e S e ]

the drawing of erroneous conoclusions. Likewise, the vertloal

Grasses, aguatic plants, and weeds.--The Division of Irri- intercept of insolation varies, and consumptive use is inoreased

gation, cooperating with the Colorado Agrioultural Experiment for those plants which normally proteoct themselves by dense growth.

gtation, carried on investigations of use of water by grasses,
e Studies of Upper Rio Grande Basin v

Nﬂsmdpo plants, and weeds growing in tanks at Fort Collins, Colo.,

during the growing season of 1929, 1930, 1931, and 1932 (23). A At the request of the National Resources Committee, the

brief summary of the results of the investigation is given in ‘Division of Irrigation in 1936 undertook investigations in the

Table 22. upper Rio Grande Basin in Colorado, New Mexico, and western Texas

TABLE 22 to determine, among other things, the quantity of water oconsumed

by various species of native vegetation (5). Ths Division began
CONSUMPTIVE USE OF WATER BY GRASSES, AQUATIC PLANTS,
AND WEEDS AT FORT COLLINS, COLO., 1929-32 investigations at Parma, 6 miles east of Monte Vista in San Luis

Valley, Colo.; at Isleta, 13 miles below Albuquergue, in Middle

Average . Water used )
depth Tuly T Way 20 duly I mwm 3 Rio Grande Basin; and at Mesilla Dam, 5 miles below State College
to %o to to [}
water Oot. 21, Oct. 1k, Oot. 21, Sept. 27, . .»u Mesilla Valley. Investigations at Mesilla Dam are being con-
Plents table 1929 1930 1931 1932
— tinued in ocooperation with New Mexico Agricultural Ezperiment
Inches Inches Inoches Inches  Inches Shat
6 31.10  41.00 - - ation.
Bluegress 12 30.64 36.73 -- -
. 18 23.99 36.57 o - an Luis Valley, Oolorado
6 50.49 60.22 - -
- T -
Sedge grass 12 L, 16 46.19 _— ules and gragses.--The general arrangement of the Parma
18 4154 53.63 - o station is shown in Figure 10. Tules and native meadow grasses
.omﬂﬂm»wm 1 - - 52.50 77.00 woere transplanted into ground tanks, each being surrounded by
Rushes 1 - == 52.39 86.60 areas of similar growth. Tules in tank No. 1 and meadow grass in
- - 158.11  179.76 : :
Sweetolover Y Wm - - Hwo.qw 138. 81 ”enuw No. 2 stood in shallow water above the soil surface. Tank
12 39,42 _— No. 3 was equipped with a Mariotte supply bottle to maintain a
Sunflowers 18 o - 51.18 mT water table 8 inoches below the soil level, but this was not always
—_— - - 22,88
"Russien thistle wm . . . 26.06 poseible because of rains.
Redroot (pigweed) 18 -- - - I1.69

This investigation was conducted by Harry F. Blaney, Irriga-

W\ Consumptive use by sweetolover is excaessive dues to spread or ion Englueer, Division of Irrigation.

overhang beyond oonfines of tank area.
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A measure of consumptive use is available through compari-

son with evaporation from a free water surfaoe. Thus, svaporation

e, @ Tank | from a Weather Bureau pan for the Junse to November period was
e — A+:_ov —le ——— . 30.80 inches. Application of this value indicates that consump-
il w amatey Ll el tive use by the tules was 126 per cent of the evaporation; by
. \\\Ill.a!llln:ll \\ll._.lll t _ native meadow tank No. 2, 118 per cent; and by meadow grass with
\\\ Ommﬂ: gage |, Swamp a water table 8 inches below the surface, 99 per cent, It should
Pump o // —_—e be remembered that these percentages are for but 6 months of the
@ Tank 2 fl , year and do not represent annual values. At Viotorville, Qalif.,
Native : N
. A30¢_<m.:0ma0<<v //_ as previously reported, consumptive use by tules growing under
* Ililll. swamp conditions similar to those at Parma was 95 per oent of the

Anemometer ,
% mo evaporation from a Weather Bureau pan computed on an annual basis.

meadow For the period July to November, inclusive, this value would be

- 112 per cent instead of 95 per oent, showing that summer ratios

pan
exceed those for the entire year. Consumptive use by tules .and

meadow grass and vmag:mua meteorologiocal data are shown in Table

23.

Instrument shelter
Middle Rio Grande Valley, New Mexico

Tank 3

(native meadow ) This station was located on the east side of the Rio Grande

SCALE
near the pueblo of Isleta in a low moist area containing such

water-loving plants as sedges, tules, cattails, saltgrass, and

willows (P1.III-B)}. The observations were conducted in cooperation

FIGURE 10.-- Plan of Parme station, San Luis Valley, Colo.
. with the Middle Rio Grande Conservancy District during 1936 and

1937. A sketoh of the statlon is given in Figure 11. Merilotte

Consumptive use data for 1936 are avallable only for the apparatus was used to supply water to vegetation tanks and keep

period June to November, inolusive. OComparison of the October . the water surface at constent levels, as indiloated in Figure 12.

and November oonsumptive use with loss from a Weather Bureau To provide a natural environment, eaoh vegetation tank was set in

evaporation pan indicates that all water lost by the tanks during a surrounding growth of the same species. Tule tanks were placed

this period was ohargeable to evaporation rather than transpira- in a dense swamp, grasses in meadow land, and willow growth in a

tion by plant growth. It is ampparent that in the high altitudes willow thicket. Each specles represented a large area of similar

of San Luis Valley the growing season for native vegetation ends growth in the Middle Rio Grande Valley. Consumptive use of water

late in September, and transpiration by plant growth is not a by cattalls, sedge, saltgrass, and willows, with meteorological

factor in ground-water discharge beyond that time. data, are shown in Table 24.
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TABLE 23

CONSUMPTIVE USE OF WATER BY TULES AND NATIVE MEADOW GRASS IN TANKS, EVAPORATION, AND
METEOROLOGICAL DATA AT PARMA STATION, SAN LUIS VALLEY, coLo. ,» 1936

Average
Water used depth  Evapo- Meteorological datz
to ration
Tank No. 1 Tank No. 2 Tenk Ha. 3 water from Temperature ¥ind movement
Native Native table, Wsather Mean HMean -
1/ meadcw 2/ meadow tank Bureau maxi- mini- Precipi-
Month Tules grass grass No. 3 _pan mum mum Mean Total Averags tation
Miles
. Inches Inches Inches Inches Inches °p. fF_ °1F Miled per hour Inches
-June 11.45 3/ 7.00 6.51 10.0 8.26 80 L2 61 1286 1.8 1.07
July 11.60 9.55 8.27 8.5 6.52 89 50 70 1029 1.4 .99
August 8.31 8.04 7.79 7.5 6.61 81 L9 65 618 .8 3.06
September L.10 7-79 5.80 7.8 L.70 77 40 58 616 .8 1.28
October 2.01 2.74 1.18 3.8 3.22 65 28 46 4,87 .6 .59
November 1.30 1.15 <95 8.9 1.49 58 15 36 . 352 .5 .14
June %o
November, . . .
inclusive 38.77 36.27 30.50 7.8 30.80 75 37 56 1388 1.0 7.13

e

i
i

N |

g

Water approximately at ground surface.

%/ Growing in water.
Z% Quantity estimated by comparison.

TABLE 24

CONSUMPTIVE USE OF WATER BY CATTAILS, SEDGE, SALTGRASS, AND WILLOW IN TANKS, EVAPORATION AND
METEOROLOGICAL DATA AT ISI.ETA MIDDLE RTO GRANDE VALLEY, N. MEX., 1936-37

Evapo-

Meteorological data
Average depth to ration 2
Water used water table from Teggeruture—/ . Wind movement  Relative
Weather san an humidity
Month and cat-l 1/ Salt- Salt- Bureau maxi- mini- Precipi~ at Albu-
year tail w gress Willow grass Willow pan mm pun  Mean _tatlon Total Avers querque
CT:)

1936 Inches Tnohes Inches Inches Inches Inches Inches Sg, %, %, Inches Miles per hour Per cent
June 15, ~8.98 T B.L6 ~ 3.77 9.6 . 167 91 3% 7k T 0.38 Bef o 36
July 16.98 11.45 .6.07 L.24 8.5 9.7 10.05 92 62 77 1.58 l&ll.l, 2,2 L2
August 16.52 15.57 2/5.59 L.80 2.7 12.7 9.05 92 61 76 .68 1523 1.9 LL
September 11.25 7.39 3.81 L.18 5.5 8.6 6.62 82 55 68 3.11 1280 1.8 55
Octob;r lu.gg 121.213; 1;3 igz %23 ylgg ggg ';g lg Zg '1'1'29 lzgz lng 15;2
Hovember 2. . . . . . , 3 .

Dacember 2/1.90 2/1.1;5 3y .62 k74 .96 6.0 12.0 - 48 17 32 -— - -— 67

1937
Jamuary 1.27 76 ¥ 49 ¥ .58 7.0 Yuo - 9 25 -- - - 61
PFabruary 3.06 2.87 .56 .76 6.0 14.0 - 53 21 37 .33 - - 52
March 5.67 .78 1.08 1.19 8.0 15.0 - 55 27 51 1.10 - - 52
April 5. 8:23 5 619 g .60 /2.28 ;10,0 180 - & 3 sz 39 - = 35
Hay 11.49 #10.53 4.77 367 #11.0 17.0 - 78 L5 62 3.03 - - 42

Tear 97.29 76.94 31.59 30.59. 7.7 12.8 - 69 38 54 10.89 - - L9
Tune .l 1281 7,55 ¥y V100 Yiso 8.59 8 51 69 79 - - 43
July 17.19 16.19 - - - 10.29 92 60 76 1.79 - - 50
August 13.30  11l.71 - - - - 8.57 R 60 76 .98 - - 48
September 8.35 7:47 - - . == - 5.94 84 53 68 .92 - - 55
Ootober 1NN 5.56 - - - - 4.27 7h 40 57 1.15 —_— — 50
Hovembar 3.57 3.01 - - - - 3.18 18 26 L5 - - -- L3 /
£7 Growlng in water.

Temperaturs records from Albuquerque May 19 to Jume 15 and Hov. 2 to Dec. 1, 1936, and from Los Lunas Station (near)

gc 1, 1936 to Des. 31, 1937.
Pestly estimated.
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FIGURE 11.--Plen of Isleta station, N. Mex., 1936.

Cattalls.--Cattalls are heavy users of water and should be

prevented wherever possible from wasting an inadequats supply.
Throughout the arid and semiarid West water is the ocontrolling
faotor in the melntenance and inoreamse of agriculture and popu-
lation. Any waste of a natural resource is %o be deplored.
Tules and oattalls sometimes provide preserves for wildlife, but
where they serve no useful purpose they should be eliminated in
the interests of water conservation (PlL. IV-A).

Sedge . --Sedge is likewlse a great water :mmu.,ﬂumnmupnpnm
nearly as much annually as tules and cattails. The maximum

monthly use of water by this species at Isleta was 16.19 acre-

Tank 3
(saltgrass) /@V

& S

\
m“w e

kY Tank 2 @ @.ﬂu:r i
Evaporation /' (cattails) {cattails)
station p—
! . Mee 7,
o_ — Cattails Pt N
' sMee \\\
\s e PRe
.\% . \\\\

FIQURE 12.--Sketoh of water supply lay-out at Isleta station.
inohes per aore in July 1937, equaling 157 per oent of the
evaporation loss from a Weather Bureau pan. .

Saltgrass.--Consumptive use by saltgrass is small compared
with that of oattails and sedge. In the experimental results 1t
appeared as about half the evaporation loss from a Weather mnumm:
pan despite a high water table in the saltgrass tank. Records
for southern Californias (4) show a higher consumptive use for the
coastal region than for the more arid olimate of oentral New Mex-
ico, possibly due to differences in density of growth.

Willows.--Measurement was also made of the quantity of

water consumed by willows growing 6 to 8 feet high, in a tanmk
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6 reet in diemeter set in a thicket of the same growth. The
.ﬁmﬂmu table in the tenk fluotuated slightly throughout the season
but averaged about 13 inches below the surface. Consumptive uae
for 12 months amounted to 30.49 inches in depth for the area of

the tank. Evaporation records are not avallable for all this

perlod, but for the first 6 months, June to November, inclusive,
consumptlve use by the willows was 47.9 per cent of the evapora-
tlion from a Weather Bureau pan. A simllar test in southern
Callfornia, involving an isolated tank unprotected by other
willow growth in which depth to water was 2 feet, resulted in a
consumptive use of water egqualling 92.7 per cent of the evapora-~
tion loss from a Weather Bureau pan.

_w Summarizing vegetatlve use of water at Isleta: Cattalls

and sedge are extravagant users of water, while saltgrass and

willows use less. This conclusion is supported by similar inves-

tigations elsewhere.

Mesilla Valley, New Mexlco

A. Cattalls in tank surrounded by similar growth at Islete, The. evaporation-transpiration station establlshed at

i de Valle N. Mex.
Middle Ric Grende Valley, x Mesilla Dem to determine consumptive use of water by cattails and

saltgrass was on low ground along the west bank of the Rlo Grande
In an area of similar growth. The site was made avallable by the
Bureau of Reclamation. There was exposure in all directions ex-
cept to the west where the mesa rose abruptly about 15 feet some
50 yards from the station. To the south were a few scattered
trees, while the river bordered the northeast side. A sketoch of
the station site is shown in Figure 13.

Cattails.--Two catteil tanks were located in & swamp com-

pletely surrounded by natural growth. Tanks were 2 feet in diem-~
eter by 3 feet deep. Healthy broadleaf cattells were transplanted

into the tenks and the water surfesoe was maintained approximately

. 2 inches sbove the soil. PEaoh developed a vigorous growth al-

B. Dense growth of water-loving shrubs and trees along the
Sants Ana River, near Prado, Callf. Studles have shown
“thls vegetation uses approximetely 50 acre-inches of
water per acre annually.

though the plants were somewhat larger in one tenk than in the

other. This difference is reflected in oonsumptive use, as will
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TABLE 25
CONSUMPTIVE USE OF WATER BY CATTATLS AND SALTGRASS IN TANKS, AND METEOROLOGICAL DATA,
- AT MESILLA DAM, IN MESILLA VALLEY, N. MEX., 1936-37

Meteorological data- 1/

Evapo- State College Station
ration
Water used from Temperatures
Weather Mean Mean
Month and Cat- Cat~ Salt-z Bureau maxi- mini- Relative
year tails tails ErassJ pan mum mum Mean humidity
1936 Inches Inches Inches Inches g, g, Op. Per cent
July 19.62 N 9.20 10.53 33 36 B8 Y]
August 16.10 12.26 7.90 9.04 91 63 77 . 5b
September 9.87 8.49 6,11 6.56 82 58 70 64
October L.50 4.02 h.12 5.37 T4 43 58 59
NHovember 2.58 1.98 1.21 3.04 61 32 L6 59
December 1.69 1.47 .75 1.99 57 28 %] 69
1937
January 3.17 2.04 .43 2.70 53 21 37 S5k
February 4.66 3.91 1.13 4.28 60 29 hl, 56
March 6.04 6.99 1.12 6.92 61, 33 48 52
April 7.36 9.65 1.96 8.10 77 40 58 29
May 15.29 16.57 2.11 - 11.59 85 50 68 39
June 26.65 21.62 3.77 9.6 93 58 76 35
July 22.32 18.34 - 9.38 9L 65 80 L0
August 19.21 - 1L.Q9 -— 7.83 93 66 80 51
September 11.02 9.92 - 6.85 86 60 73 55
October 5.82 5.14 - 6.540 77 L6 62 59
November 3.62 2.92 - 3.50 68 30 49 53
December 3.00 2.31 -— 1.92 .58 29 b 6l
Year 128.16 - 113.50 39.81  79.15 76 bk 60 49

17 State College Station is 5 miles norcheast.
2/ Average depth of 1L inches to water in soil tank.
Total For July 1936 to June 1937.
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mapwwmwm. a Weather Bureau evaporation pan provided data for
comparison with oconsumptive use records. ) .

The 12-month use of water by saltgrass, approximately
40 inohes in depth, was slightly more than the amount determined
at Isleta in spite of greater depth to water table, and approxi-
mated results obtained in southern Califorania undet similar tank
oconditlons. Thus, ln widely separated loocalltiss, oonsumptive
use by saltgrass, growing under conditions of ground water within
approximately 12 inches of the surface, appears not to exceed
LO aore-inches per aore. There are probably few extensive loocal-
1ties where such oonditions exist. TFor this species, at least,
consumptive use deoreases with increasing depth to ground water,
so that the annual draft on water supplies caused by saltgrass

is probably less than would be required by many oultivated crops

in the same area.

s

CHAPTER 5
OTHER INVESTIGATIONS

Other investigations, fully as important as those by the
Division of Irrigation, have been conducted by other agencies.
Standard methods have been used, and the results form an impor-
tant addition to ¢ro general knowledge of comsumptive use by
native growth. Thess nmﬁn have been collected and are presented

in the following disoussions.

SOUTH-CE OREGON

The early irrigation development of south-central Oregon
was largely by wild flooding with little uwmmun to the economical
use of water. Muoh of the irrigated area tmm used for hay and
pasture. The praotioe of flooding when water was plentiful was
not only wasteful of the water supply but was also likely to in-
_Jure the soil and reduce yislds. Reports indicate that &t one
time 300,000 acres of marsh lands in Chewaucan and Harney Valleys
end in Klamath Basin were irrigated in this menner.

In 1915 investigations were undertaken under a cooperative
agreement by the Oregon Experiment Station and the Division of
Irrigation (24) to determine ths use of water by suoh native
marshlend plantas as were suitable for hay and pasture. unvmunn
ments were amnﬂpmm out on fields and plote and in tanks. The
general plan was to apply water in thres amounts: the usual
irrigation by the ferm operator, a larger amount as determined
by the investigator, and a smaller smount. Investigations ocon-
tinued through the seasons 1915, 1916, and 1917. Marsh grass,

native meadow, sugar grass, and wire rush were grown in tanks

., and plots. The amounts of water umed are shown in Tables 26 to

N@.

‘1
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TABLE 26 TABLE 27 -
GONSUMPTIVE USE OF WATER BY MARSH GRASS IN THE CONSUMPTIVE USE OF WATER BY NATURAL MEADOW IN CHEWAUCAN
CHEWAUCAN VALLEY, OREG. {24) AND HARNEY VALLEYS, OREG. (24)
, . : Water used
M RN I — a1~ irei-  and sodl 1 hey
i Alti- irrl-, and soil Irri- - irri- and 8o Irri- , per
V_ Yeor  Soil  tule gatedl/ moisture gstion Tobal ear Soil tude gatedl/ moisture gation Total _aore -
Teot Inches Inches Inohes Feoot Aores Inches Inches Inches Tons
A 5.67  27.48  33.15 ~ 12.50  21.50 34.00 2.18
| 15 Bilt 1 00  Plot 3031 00 “3.31 1916 Silt loam 4120 100 10.03 o 10.03 =2.18
1915 St loam b3 316 11028 ik 1,98  10.75 25.73 2.18
m , : 6.50 .18.12 24.62 6.85 24,50 31.35 1.96
o Plot ‘32 ‘o0 "35 1916 Silt loam 4120 100 6.03 0 '6.03 =2.61 :
1915  s8ilt losm 430 © b3z v 9.9k  12.25 22.19 1.96
, 13.4 26.47 39.96 11.14 28.00 39.14 2.83
4 1915  Teat 4300  Tenk Rt ho00  22.11 1916 Silt loam 4120 100 12.51 o 12.51 1.96
: 9.89 13.81 23,70 : 10.96 14.00 24.96 2.83
! 1.50 wu.b‘m wr..mm ®W\ m.cm Nm.mo mu.PO H.PQ
_ . 00 - Tenk 1 3¢ 15.26 19162/ Peaty k400 Plot 8.6, 8,50 17.1, 1.2L
" 1917 Peaty 43 W AT T 7.91  19.20 27.11  1.94
“ 4,65 27.90  32.55 2/ si1 ! 6.12  26.20 32.32 .60
| 191 811t loam 4400 Plot 4.50 5.75 10.25 .57
. 00 Plot 48 .00 6.48
| 1917 Peaty 43 ° 34 108 17 5.86 14,50 20.36 .43
| 1916  Si1t 1 4120  Teuk e N 4f =
- . . . oam an . 3. 9.82 .-
w.\ Area of tanks 1.39 square feet; of plots 0.10 aore 7.00 6. 00 13.00 -
5.94 11.00 16.94 -
, 1916 Silt loam 4120 Tank 5.55 .50 10.05 -
| 6.88 .00 12.88 -
}
1/ Area of tanks - 1.39 square feet; of plots - 0.10 aore. oy
i These tests made in Chewaucan Valley - all others in Harmey '
alley.
w .
)
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CONSUMPTIVE USE OF WATER BY SUGAR GRASS IN THE CHEWAUCAN

TABLE 28

VALLEY AND THE KLAMATH BASIN, OREG. (24)
Water used
Area Rain Yield
- Alti- irri-  and soil Irri- per
Year Soil tude mmnaQW\ moisture gation Total aore
Foot inches  Inches Inohes Tons
om\ 8.92 32.00  40.92 2.40
191 Peaty 4400 Tank 11.30 12,00 23.30 1.31
9.50 16.00 25.50 1.96
9.09 25,00  34.09 -
1918 ©Peaty 4100 Tank 15.72 7.00 22,72 -
L .80 13.00 17.80 -
9.03 25.00 34.03 -
1918 Peaty 4100 Tank_ 16.29 7.00 23.29 -
. 9.94 13.00 22.9% -~
W\ Area of tanks - 1.39 square feet. .
2/ These tests made in Chewaucan Valley - all others in Klamath
Basin. :
TABLE 29
CONSUMPTIVE USE OF WATER BY WIRE RUSH GROWN IN THE
KLAMATH BASIN, OREG., (24)
! Water used .
Area Ralin Yield
Altl- irri- and soil Irri- per
Year Soil tude mmMMMW\ moisture gatlon Total aore
Feot Inches Ingches Inohes Tons
o _ 39.98 20.00  59.98  3.47
1917 Peaty 4100 Tank 6.79 7.00 13.79 .75
u.km 11.00 19.46 1.39
-1.60 24,00 22.40 -
1919 Peaty 4100 Tank 1.58 8.00 9.58 -
A7 16.00 16.47 -
- 48 24,.00 23,52 -
1919 Peaty 4100 Tank 3.65 8,00 11.65 -
- 48 16,00 15.52 -

1/ Area of tanks - 1.39 square feet.
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The soil moisture conditions in tanks used in the investi-
gation were different from others discussed in this report. Or-
dinarily tank studies are conducted in the presence of a water
table under the control of the investigator. All other studies
disoussed hers have besn of this type. In tanks used for growth
of marsh grasses in south-central Oregon, however, the investigas-
tion was oharacterized by an absence of water table and the use
of 2mﬂmn ie taken as the sum of rainfall and soil moisture con-
sumed plus irrigation water applied. ,

On the basis of differenoces between inflow and outflow,
consumptive use of water by wild meadows was estimated as follows:
Chewaucan Valley 1.52 aore-feet per amcre; Harney Valley l1l.3L4 more-
feet per acre; and Klamath Basin, s 5-year average, l.30 aore-feet
per aore. This method does not give the total consumptive use as

neither deep percolation losses, underflow out of the basin nor

" precipitation are inoluded.

Marsh grass.--From data avallable, thers does not appear to
be & olose relation between quantity of water reoeived by marsh
grass and yleld in tons per aore. However, the umooﬂo is not oom-
plete. On plots of silt loam the yield varied from 0.57 to 1.03
tons per amore, while the water received for these yields varied
from a minimum of 3.31 inoches to & maximum of 1h4.44 inoches for the
season. On peaty soil a maximum of 32.55 inohes of water produced
1.03 tons, while a minimum of 6.48 inohes wae sufficient for 0.94

ton., Beocause of the inconsistency of the use-yield relatiom, it

* does not seem improbable that the marsh grass grown in plots re-

oeived quantities of ground water not included in the reoord. Re-
oords of marsh grass grown in tanks, with weight of orop measured
in grams, show a more uniform use-yileld ratio.

Rative meadow.--Native meadow in farms, plots or tanks re-

‘ceived & maximum water supply of 39.1lLk inohes of depth and a mini-

mum of 6.03 inohss. Yislds for these amounts are inoonsistent.
From the record it appsars thet water received by the orop is not

a water requirement and has no relation to the amount necessary to
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plant mﬂwuao:oo. ‘In instanoes whers no water was-applied by
irrigation and the grass reoeived only a low rainfall the yleld
was equal to or greater than that produced when 21L.5 inohes of
irrigation was applied. v v

Bugar grass.--Water reoceived by sugar grass (Carex ague-

tilis) grown in tanks varied from 17.80 inohes to 40.92 inches,

Reocords of yleld are inoomplete, but those available show the
greatest yleld for the most water recelved.

Wire rush.--Use of water by wire rush in tanks varied from

9.58 inches of depth to 59.98 inohes for peaty soil. 7Yield in
tons per acre is available only for three tanks whioh show the

largest yield for the most water recelved.

MUD_LAKE, IDAHO (29)

Tules.--Additionel data on oconsumptive use of water by

tules in a tank set In a swamp area are afforded by an investi-
gation of wabter resources of Mud Lake, Idaho, from 1921 to 1923,
inolusive. Results of the investigation indicate that 162,000
aore-feet of water appearad in Mud Lake end five smaller lakes
or reservoirs in the same vioinity during the year ending March
31, 1922. At that time three-fourths of the lake. area and ad-
Jjoining marshes were oooupled by tule growth.

Stearns and Bryan Amcv state that "about 49,000 aore-feet
was used for the irrigation of about 13,300 acres, and about
108,000 acre-feet was discharged by evaporation and transpiration
from tules and other native plants of small eoonomic value. The
date show that the natural losses were very large in proportion
to the p:muw»ew used for irrigation. They at onoce raise the ques-
tion whether the supply for irrigation oan be increased by reduo-
ing the natural losses."

As a means of measuring losses from swamp arsas a tule pan
L feet in dlameter by 4 feet deep was set in the swamp. Tules of
about the same density as the surrounding growth were tranasplanted

into the pam. The soil was generally submerged to repressnt swamp
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conditions. Revorde of oonsumptive use and meteorologioal data

for the summer months of 1921 to 1923, inoclusive, are shown in

Table 30.

TABLE 30

.CONSUMPTIVE USE OF WATER BY TULES IN TANKS, AND METEOROLOGICAL

DATA AT MUD LAXE, IDAHO, 1921-23 (29)

Wind movement

Month and by maxi- mini- Precipi-

year tules mum  mum Mean tation Total zwmmmmmm

) ’ es par

1921 Inches MHP or. %p. Inches Miles _ hour
June Yg.85 79 50 64  0.36  LOLO 5.6
July 18.98 87 50 68 .62 3640 k.9
August 7.98 85 L8 66 .23 3020 4
September 2/5.54 70 33 52 b2 4020 5.6.
dJune to Bept.,

inolusive 51.35 80 b5 62 1.63 14720 5.0

1922 '
June 13.47 82 L5 6, .62 3485 4.8
July 21.42 86 49 68 .63 3160 o2
August 17.33 84 Ll 62 2.02 2865 3.8
September 10.26 80 L3 62 - 2660 3.7
June to Sept.,

inolusive 62.48 83 bl 64 3.27 12170. L.x

1923
June Y579 7L 43 57 1.80  LO6O 5.6
July 11.70 &8 53 70 1.40 w\umoc w\r.m
August 13,38 83 L7 65 1.05 4140 5.6
September 11.06 77 40 58 .50 4275 5.9
June to Sept., 5.5

inolusive £1.93 80 L6 62 4.75 16065

W\ June 13 to 30.
September 1 to 23.
June 12 to 30.
Uncertain.

The second year of reocord mrosm the highest seasonal use
of water. This peems reassonsble, as during the first year the
plants were becoming reestablished after the shook of being trans-
upmuamaw.»u the third year there was danger of loss of fertllity
or of the roots becoming pot-bound. Seasonal oonsumptive use of

62.48 inohes from June to September, inclusive, at Mud Lake agrees
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olosely with consumptive use by tules at Isleta,.N. Mex., but
oxoeeds amounts at other tule stations where measurements were

obtained in swamp arsas as distingulshed from exposed tanks.

ESCALANTE VALLEY, UTAH

The general method of estimating consumptive use by native
vegetation through attention to ground-water fluctuations has
been previously desoribed. White (38), using the same method in
the Escalante Valley, Utah, as desoribed by Smith in bhpmcww (see
page 18), shows that ground-water fluctuations respond to the
<ommwmw demend for moisture with declining water tables during
hours of sunlight and rising water tables during the night.

Observations were made in 1926 and 1927 to determine con-
m;E@&»#m use by various specles of native vegetation end to esti-
mate the water resources of the valley. This is a desert reglon
yet one in whioch a considerable area of native growth subsists
upon ground water close to the surface. Vegetation consisted
principally of saltgrass, greasewood, sagebrush, rabbltbrush,
shadsoale, piockleweed, and willow.

To determine the effect of consumptive use by these mpmqu.
wells sunk in areas of each predominant species were equipped with
Emamunmﬁwmm recorders. With this equipment, diurnal fluotuations
of the water table for each arba were determined. The extent mﬂ
the fluctuations varied, not only with soil type but also, and
what is of greater importance, with the age, vigor, demnsity, and
type of plant growth. The maximum daily draw-down observed ranged

from 1 1/2 inches for an area of greasewocod to 4 1/4 inches in a
£i81d of marsh grasses. Samples of recorder oharts for several
vegetative species are shown in Figure 1lk.

Ground-water fluotuations as desoribed oan only be trans-
lated into depths of consumptive use through determination of the
speoifio yield of the soil on whioh the vegetation grows. Obvi-
ously for large areas this is diffioult because of ever-changing

soll conditions throughout the area. To obtain values of specifio

10.5 3.4 L
\Y ) ‘ Grass cut
10.6 At Nnip
o h o A
§ 10.7—t (> PNEX
P i . &
€ .o CREASENOQD VRN )
18 19 20 21 22 23 24 )
$ June : $ 55 SALTGRASS
w 8.1 ) 16 18 20 21 22 23 24 25 26 27
\./l\ll)) ¥ )Cm-
L 82 i [
y RADD/TBRU 1} =3 47
4 15 18 17 I8 18 20 81 =
o~ &
8 Sept. wuh * f .8
g s (\/ Sss h 49 4
9.3 Al ) MV
'RAVIN "
2.4
m:»o.mm?m Y . s.7lwikLOWS PIGKLEWEED
T4 1% 18 17 18 18 20 21 "5 55 78 555723 22 28
June © Aug. Ssapt.

FIGURE 14.~-Exemples of recorder charts showing ground-water
fluotuations due to daily transpiration losses by various
speoies of native vegetation (after White). .

s),-

yield usable in the consumptive use formula g = y(24 r ¥
tanks were filled with undisturbed soil pu‘aum vioinity of wells
where recorders were maintained. Water was added to or subtracted
from the soil and the specifioc yield computed aoccording to the
changed level in the tank. Estimates of consumptive use were made

for a number of vegetative species by this method of obtaining

‘specific yield values.

Saltgrass.--To support some of the findings reached by
means of water-table fluotuations, saltgrass and greasewood were
grown in tanks supplied with measured amounts of water. Two salt-
grass tanks were employsd, one using aumumbwmnamn sod, the other
undisturbed sod and soll obtained by driving the tank into the
ground. Oreasewood was transplanted in the tank, but only four
out of seven plants lived and for some time these grew slowly.

By the end of the summer of 1926 these plants wers thrifty, and

were vigorous during the following season.




Fach tank was equipped with automatioc water-supply Mariotte

apparatus. In some amwumoem these were unsatisfaotory, as they u.m
éawm not protected against aosmmumdcum changes. In periods of mwm
rising temperatures, expanding air forced water out of the bottle H_u
dm%oua. the capaclty of plant absorption, and the water table in @h o
the soil tank rose above the desired level, As air in the bottle : mm. mmm

EEhe 2

‘became oooler, flow of water was retarded and transpiration oo~

ourred faster than water could be mccuwwma.. Water levels dropped

in the soil tank. Over a considerable period of time these

Total
water
used

changes were unimportant, but they destroyed the opportunity to

obtain accurate hourly records of transpiration losses.

Greasewood

Greasewood.--Attempts were mede to separate transpiration

Transpi-
ration

from greasewood plants end evaporation from soil. Separate solil

evaporation tanks were used for this purpose. Saltgrass growing

Soil

evapo-
ration

in tanks shades the ground surface so that little soil evaporation

.

ocours, and the principasl loss is caused by transpiration. In a
tank of greasewood there would be some bare soil, and evaporation

White (38) has

to
water
table

would be a faector in the total loss of water.

Average
depth

estimated this as approximately 25 cmw ocent of the total. Con~

sumptive use of water by saltgrass and greasewood grown in tanks

ESCALANTE VALLEY, UTAH, 1926-27 (38)
2/

B
in the Escalante Valley is presented in Table 31. " W.m
a 23
SAN LUIS VALLEY, COLORADO mw
CLER T
Saltgrass.--Tipton and Hart, for the State Engineer of m@mmu
o 2
!

Golorado, conducted studies for several years on the use of
water by saltgrass in tanks and of evaporation in the San Luis

Valley, Colo. (32).
The evaporation and transpiration laboratory was established

Y

Inches

TABLE 31
CONSUMPTIVE USE OF WATER BY SALTGRASS AND GREASEWOOD IN TANKS IN

Wate
used

at Garnett in 1927 and continued in 1928, The station was rehabil-

itated and placed in operation again in April 1930 end continued in
No change was mede in the apparatus or in the depth at whioh
An additional

1931,
the water table was maintained in the various tanks.

Month and
28r
1926

saltgrass tank wes installed to maintain the water table at a depth

of about 40 inches, but this tank did not begin to function properly

Inches

Inches
.06
.54
.28
.20

2.28

Inches

Inches

0.52
1.42
3.19

.56
8.27

0.58
1.06
L2

Inches

Inches
12
13
23

L.55
3.55
1.12

Inches

21
36
28

Inches
2
30
L1

1.0
1.75
1l.92
6.26
3.14
.60

dJune
July
August
September
October

35

3.57 11.84

31

14.73

Seasonal

1927
¥
June

NO MO
OrAh-FNnG
“ s s v w e
—t ~
Q010 00 N
MO NN
3 3OOt
,0.869.48
s e e e o
0o nNgH
N - -0
W0 ..I.MS .u.w
Ratia P oo
NOND -
WNO O™
s e v & s ®
et

August
September
Qetober

July

it

26 22.59 23 6.41 18.79 25.20 26 L.47

17.88

Seasonal

lanted sod,

111

urbed sod and soil.

Transg
Uadiss

Yy
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‘until late in the season. Readings of all apparatus were made

two to three times a week. Daily temperature, wind movement,

muoc»u»¢W¢»on. evaporation, and o<mvondwmbmmpuwdpon rsoords wers
kept.

Tanks Nos. 1, 2, and 3 were 3 feet in diameter and 3 feet
deep, sunk in the ground umwuwﬁ flush with the rim and filled with
sandy loam soil. The s0il was placed in these tanks in the spring
of 1927; therefore, both soil and vegetation were well stabilized.
Tanks Nos. 1, 2, and 3} had a growth of saltgrass with water levels
mainteined at approximate depths of 4, 12, and 24 inches, respec-
tively. The water table was maintained below the surface by means
of Mariotte apparatus. Tank No. L-A SWm similarly installed in
1930 exoept that it was 4 feet deep with the water level kept at
about 38 inches below the surface.

The results of these experiments are summarized in Table 32.
The investigation was divided into two periods, separated by the
year 1929, during which no records were obtained. Although the
Mariotte apparatus was designed to hold the water table in the
goil tenks at oconstant levels, fluoctuations of 2 to 3 inoches
ocourred. Total consumptive use during the growing season is
influenced by the depth to water, plants loocated where water 1is
near the surface showlng the greater consumptive use becauss of
more Hzxﬂupwﬁa growth and inoreased soil mqweouma»ou. Fluotuation
of 2 or 3 inohes is, however, too small.notioeably to influence
the quantity of water used.

Averaglng the total use of water during the A4-ysar period,
from June to Ootober, inoclusive, shows that meamummm in tank No.1l
used 20,19 inohes with an averags depth of 4.2 inches to the water
tabls. Tank No. 2 oonsumed 19.47 inches with an average depth of
12.8 1inches to water -- practically the seme as the tank with a
=»w=mu water level. Tank No. 3 used 16.05 inches with the water
table 24.2 inohes below the surface. Tank No. L4~A used 16.92 in-
ohes of water with an average depth to water table of 38 inohes

in 1931, the only year in whioh observatlions were teken. The

TAELE 32

» SAN LUIS VALLEY, COLO.,

AT GARNETT
(32)

» 1930, and 1931

1927, 1928

CONSUMPTIVE USE OF WATER BY SALTGRASS IN TANKS

Water used

Tank

Ho.4-A

Tank Ho, 2 Tank No. 3

Tank Mo. 1

Avers,

depth to water tabls, in inches

Evaporation from
Heather Bursau pan

28

1931

By

-4

ol

Honth

1928 1930 1931 1927 1928 1930 1931

Inohes Inches Inghes Inghes Inches Inches Ioches Inches Inches Inches Inchea Inches Inches

Inches Inches Inches

1927

1931

1930

1928

1927

A

CEEEERE

488288

WO O 50w
312&20

\D 8000
RIBRES

"2 s e n s g

et e ey ey
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mp»mumfmwwwououocm in oouuzabapqa use in relation to depth to
water table are unusual. The differeroe between the first two
tanke indlcates a nearly uniform use of water for all depths to
15 inohes. Between 24 and 38 inches, consumptive use is nearly
constant. In plotting these values a straight-line relation ap-

pears to exist for all depths except 24 inches.

NORTHEASTERN COLORAD

mmmmmuuabm has appeared from previous disoussions in this
report, investigations of use or water by orop or moncrop plants,
conduoted by engineers and others interested in irrigation or
;smama supply, usually measure the quantities of water oconsumed

. in inoches of depth for the growing season. This measure is oom-
parable to raipfall and may be converted into units of flowing
water. Other investigators more »aﬁoummﬂop in transpiration
losses as a funotion of the plant determine the ratio of the
welght of water absorbed to the weight of dry matter harvested.
In emsoh case there is a similarity in technique but thé results
are in units that are not comparable.

Probably the most extensive investigation of the latter
kind to inolude native vegetation was oconducted at Akron, Colo.,
by the Bureau of Plant Industry, United States Department of
Agrioulture, from 1911 to 1917 (27). A study less extensive as
regards natlive vegetation was also carried on by the same Bursau
at Mandan, N. Dak., from 1919 to 1922 (11).

The term "water requirement," as defined by the investiga-
tors, "indioates the ratio of welight of water absorbed by the
plant during its growth period to the weight of dry matter har-
vested."™ oabmﬂ investigators have defined the term as "the total
quantity of water requirsd by orops for normal growth under field
conditions." (13) (See also p. 1.) The water required is dis-
posed of by transpiration from the plant, mqmbcnmd»or from ths
soll, deep peroolation, and other unavoidable losses. The Bursau

of Plant Industry sealed the soll and roots in olosed oontainers

. 80 that the only lose was by tranaspiration. Thus the meéaning of
the term "water requirement” differs according to investigational
practices followed.

The results of the investigations at >Wuou lndicate that
bigweed, tumbleweed , wcmm»wu.crpmapm. purslane, buffalo grass,
and grama grass use small amounts of water in nopmapan,co wolight
of dry matter harvested, and that cooklebur, buffalo bur, and sun-
flower use medium emounts. Some of these results do not agree
entirely with those of investigations in the mwmumamnaoammu.aowncpu
Delta, Calif., where the water table was olose to the ground sur-
faoe and weeds consumed greater quantities. Table 33 shows the

use of water by weeds presented as weight of water mcmo&umn to

~weight of nuw matter harvested.

MIDDLE RIO GRANDE VALLEY, NEW MEXTCO

Investigations were started inm 1926 by the United Statoes
Bureau of Reclamation in cooperation with the Middle Rio Grands
Conservanoy Distriot and the Weather Bureau (10, 14) to determins
monthly and annual use of water by saltgrass and by tules at a
station established at Los Griegos, near Albuquerque, N. Mex,
The purpose of the investigation was to study natural losses from
undrained bottom lands along the Middle Rio Grande Valley. Evapo-

m . ration from moist sands with weter at various depths was inoluded
 in the investigation.

Saltgrass.--Saltgrass was grown in galvanized irom stook
tanks approximately L4 feet in diameter with depths from 2 to 4 feet.
So0il obtained from excavations pu.s&»au the tanks were set was
placed in thin, tamped laysrs in approximately the same order as
‘exoavated. Samples wers olassified as Gila olay Howa. Tules also
were grown in a tank set in a smell swamp ons-half mile from the
original station. Water »u.arm tule tank was approximately 2 in-
ohes above the surface.

Mariotte supply tanks, similar to those desoribed on page 19,

were used. The soil tanks, however, were the single-wall type, and
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WEIGHT OF WATER ABSOR
T0 WEIGHT OF DRY MATTER HARVESTED, AKRON

TABLE 33

APTER SHANTZ AND PIEMEISEL |

Plants

Pigweed (Amaranthus retroflexus)

e:vaaiamn {Amaranthus graecizans)
Russien thistle (Salsola pestifer)

———

Lambsquarters (Chenopodium album)

Purslane (Portulaca oleracea)
Cooklebur (Xanthium Commune )
Nightshade {Sblanum triflorum)
Buffalo Bur (Solanum rostratum)
Gumwesd (Grindella sguarrosa)

Sunflower, annual (Helianthus annuus)

Sunflower, narrow leaved
{Belianthus petiolaris)

Mountain sage (Artemisia frigida)

Verbena (Verbena bractgosa)

Fotid marIgold (Boébera papposa)
Buffalo grass {(Bulbilis dactyloides)

Grama grass (Bouteloua graoilis)

Clammyweed (Polanisia trachysperma)

Iva (Iva xanthifolia) .

Weatern ragweed |Ambrosia mwna»ouweunpv
Western wheat grass (Agropyron sm
Franserias (Franseria mmbcmﬁoHHm“

mmb BY WEEDS ucmwzﬂ THE GROWTH PERIOD RELATED

S 117

.upna connsotions from ths Bupply tank santered direoctly into the

bottom of the soil tank instead of into an annular space. Coarse

COLO., 1911-17.

270 gravel was spread over the bottom of the soil tank to enable water

to spread svenly throughout the tank area.

Water oconsumed
per pound of d.
matter harveste

Opsration of Mariotte tanks does not appear as satisfaotory

when oconnected to single-wall tanks as when used with the double

Pounds type. Some n~WH»acwdw was experienced at Los Orisgos in maintain-
Ww% ing a oonnamnw water level in tanks which apparently has not oc-
_wmw ourred elsewhere., It appears that the reservoir of water in the
Www annular space is an advantage not found when water from the supply
275 tenk is piped directly to the soil tank. There is a possibility
272 that at times water is transpired faster than it ocan be supplied
336 through the soil, with a resulting drop in water table. In a pin-
me gle tank water has to pass upward through the soil column, whereas
292 in the double tank the Muuou tank wall may be perforated up to the
wwm . water table and water be supplied partly from the side as well as
NWW from the bottom, thus Bupplying water more rapidly to the plant
705 uooﬁm.

579 This investigation bas oonfirmed results obtainsd elsewhers.
mqm Consumptive use decreased as depth to water table inorsased. 4
MMu minimum consumptive use of 10.08 inches ocourred where nmmnu to
L7, water table was 37 inches, and a maximum use of 48.36 inches where
wmw there was a depth of 5 inches. Between these oxtromes oonsumptive
308 use was fairly uniform. Hnmmo data are presented in Table 3,
389 Tules.--Consumptive use by tulee in a ﬁmuw surrounded by
WWM swamp growth amounted to 64.68 inches for a 12-month period, or
290 83.3 per ocent of evaporation from a Weathsr Bureau pan, a low ratio
wmw_ compared with results of other inveatigations.
12
1176
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GOHSOMPTIVE USE OF WATER BY SALTGRASS ARD TULRS IN TANES, EVAPORATICN, AND METEOURCLOGICAL
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awommn Basing

Determination of the safe yield from olosed rock basins is'
of oonsiderable importanoe to sections of the Southwest whers re« |
liance is placed upon ground water as the prinoipal source of sup=
Ply. The recharge into the basin results from peroolation from
stream flow and from precipitation. The normal loss is from evap-
oration from water surfaces and moist areas, transpiration from
vegetation, and surfeoe and underflow from the basin. Underflow
is generally a slow movement through a limited oross section of
alluvial materidl and may sometimes be omitted from consideration.

Under natural oconditions the recharge and discharge will be
about evenly wmpnuoma over a long period of time. In times of
drought the moist area of the basin will contract owing to lower
ground water, and in wmu»onm. of above-normal precipitetion 1%t will
expand and there will be inorsased flow out of the basin.

Under natural oconditions the discharge by evaporation and
transpiration may be conasidered as the theoretical yield whioh may
be pumped from the urnwn without greatly ohanging ground-water
levels. In actual praotice, however, the safe yield is less than
the theoretical owing to loss of water by plant use in low areas
end evaporation of moisture from erm soll surfaocs.

‘Measurement of the quantity of water whioch may be safely
extracted from a basin of the closed alluvial type may be arrived
at through amwpabﬂpum the natural losses resulting from evapora-
tion and from consumptive use by natural vegetation. The ground-
water discharge by plante applied to areas of known depth to water
will provide a measure of quantities recoverable for other uses.

The pionser work of this naturs by Lee ﬁwm. 17} in deter-
mining the safe yield of water in the Owens Valley, Calif., prior
%o the comstruotion of the Los Angelss wp:onnaﬂ_ opened the way

for other investigations described elsewhers in this report.
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Saltgrass.--Consumptive use of water by saltgtrass grown
mue»wHo»nHH% in large tenks in Owens Valley was determined for
various depths to water table.: qucoumapol from water and from
molst soil surfaces was likewiss determined. As a result of pre-
liminary investigations six tanks were used for growths of salt~-
grass sod. In these tenks ground water remalned wmpuwe oonstant
at predetermined dspths exoept where it was so near the surfaoce
that there was a high rate of oconsumptive use. In the wwnw in
whioh the water table was theoretically about 1 foot umpms the
surface, the grass withdrsw water mors rapidly then i% oould be
supplied from the conneoted reservoir tank, so that the water
table dropped from near the l-foot level in the winter months to
below 2 feet in the summer.

The investigation disclosed a diminishing rate of consump-

tive use as depth to ground water inoreased, in praoctiocally a
straight-line ratio. Reference to Table 35 shows the monthly and
annual use of water by seltgrass for various depths to water table,
ranging from an annual maximum of 48,80 inches where average depth
to water table was 18 inches %o an annual minimum of 13.43 inohes
where average depth to water table was 59 inchea. Observations in
the Owens Valley showed little saltgrass in looalitiss where
ground water exoeeded m.waoﬂ. indicating inability of the roots to
" funotion beyond this depth. It does nob follow that this is the
limit in all saltgrass fields. The maximum depth observed in

southern California was 11 feet in olay soil.

Estimated Water Supplies

As & result of thie investigation, Hao made esastimates of
evaporation and oconsumptive use of water losses for 54.59 square
miles of high ground-water alkall and saltgrass lands, as shown
in Table 36, and converted the oonsumptive use into equivalent
stream flow. The average rate of discharge for the 54.59 mquare
miles where depth to water did not exzoeed 8 feet was equivalent

to & oontinuous flow of 2 cublo feet per second per square mile,

TAELE 35

CONSUMPTIVE USE OF WATER BY SALTGRASS IN TANKS IN OWENS VALLEY, CALIF., 1911 (16)

Be ye
bBoss
Ry
g
13
83
$3
m.h o
g5, 84
PO0S gd
X" e
E g
g%
o
33
@h Mo
[ L] D
§535%
b )
b
]
g3
[ K]
=Y
[11]
&)
i, 4
0 Q& af
g o
£ g
3t
]
23
B9 o
22 48
55253
b 4
«f
8y
g3
Fo]
g
=

e —

——r —————

————— .

s cmm———m—n

Inches

Inches Inches Incheg Inches Inches Inches Inches

Inches

Inches

T———— e e e 22T
——

January
February
March

April
May

June
July
August
September
October
Hovember
Decembex

18 54,89 22 40.21 35 24 .61 L6 13.43 59

48.80

Year




122

TABLE 36

ESTIMATED CONSUMPTIVE USE OF WATER BY SALTGRASS AND ALKALI
LANDS IN THE OWENS VALLEY, CALIF., 1911. (BASED UPON
TANK INVESTIGATIONS.) (16 and 17)

Average
depth . Water used
to Equivalent
Enclosing water _ stream
ocontours Area table  Summer -Winter Total flow
o Square ’
Foet _miles Feot Inohes Inches Inohes Second-feet
3 11.89 2.5 36.5 5.2 41,7 36.6
3 to & 17.66 3.5 29.6 4.0 33.6 43.7
4 to 8 25.04 5.5 15.6 .2 15.8 29.1
Totals ‘54,59 . . . ' 109.4

This was the ¢umoum¢»omw quantity of water whioh might be reocovered
for benefioial use 1f groundi-water levels were lowered through
pumping to depths beyond reach of the vegetation, and was the basis
for oconstruction of the $25,000,000 Los Angeles aqueduot.

SANTA ANA RIVER VALLEY, CALIFORNIA

River-bottom vegetation.--An investigation was made by

Troxell (33) of the United States noopom»oww Survey, along a 16-
mile stretch of the Santa Ana River between Riverside Narrows and
the Prado gaging station, Celifornia. Muoh of this area has rela-
tively hlgh ground water whioh contributes to and inoreases the
Tflow of the river along its ocourse. The river-bottom area is nar-
rOow, probably m4mawmpum less than half a mile »l width. Within
this strlp ground water over a considerable mrea is found at less
than 5 feet from the surfaoce,

The vegetatlon was typloal river-bottom growth renging from
large cottonwood trees to grass measdows. A vegetative survey
showed 4,040 aores of bottom lends of whioh 137 amores were oculti-
vated and 210 acres oonm»mamm of water surface. Of the remainder,
heavy tree-cover of the Smﬁmuuwo<usm.wqwc grew on 1,519 acres,

while there were 751 aores of meadow. Table 37 shows the vegetative

owgmm»n»omduou. eeu»owm vegetative growth along the Santa Ana
River is depicted in Plate IV-B.

TABLE 37
CLASSIFICATION OF VEGETATIVE COVER, SANTA ANA RIVER, CALIF.

Acres Per cent

Type of vegetation
Heavy tree cover . 1519 37.6
Grass 751 18.6
Light brush cover 481 11.9
Heavy brush cover 356 8.8
Bare sand 251 6.2
Swamp plants, sedges, eto. . 242 6.0
Water surface 210 5.2
Cultivated 137 3.4
Light tree cover 93 2.3

Totals 4L0LO 100.0

Natural losses of the area, determined as a result of the
investigation, were computed on the basis of various tests and
studies rather than actual consumptive-use measurements. Evapora-
tion losses, stream flow at several gaging statlons, temperature,
ground-water fluotuations, and changes in ground-watér storage
were recorded during the summers of 1931 and 1932. Consumptive
use of water was likewise estimated by means of ground-water fluo-
tuatlons beneath a group of willows. The method of analysis of
ground-water npsawsma»oum has been previously disoussed.

Consumptive use during two summer seasons from July 1 to
September 30 averaged 66 per cent of aum,mqmboumﬁpou from a Weather
Bureau pan or approximately the amount of evaporation from a conu
of water of extent equal to the area lanvolved. The loss of ground
water due to transpiration and evaporation averaged nearly 20 per
cent of the apnual inflow »rno the area in a 2-year perlod.

The percentage of loss during the summer was even greater.
It was during these months, when water had the highest value for
irrigation, that the entire flow of the river was diverted into

oanals for irrigation of oitrus lands at points below the Prado



measurement. From May to September natural: losses of the u»4ow-4

bottom vegetation were 55 per cent of all the water entering the
-channel of the Santa Ana River in a length of 16 miles. Troxell
(33) estimates natural losses, combining transpiration and evapo~
ration, as equal to approximately 50 inches in depth annually.

As 8 measure of evaporation and transpiration losses,
Table 38 has been oompiled to show the mwwmpa of natural losses
on stream flow, total monthly loss in aore-feet, and monthly con-

sumptive use of water in amcre-inches per aore.

TABLE 38

ESTIMATED NATURAL LOSSES BETWEEN RIVERSIDE NARROWS AND
PRADO GAGING STATION, SANTA ANA RIVER, CALIF.,
1930-31 AND 1931-32 (33)

1930-31 1931-32
Mean Mean

Month daily Monthly Per more daily Monthly Per acre
Seoond-  Aore-~ Aore- Second- Acre- Aore

feet feet inches _feet feot inohes
Ootober 19.8 1220 3.62 19.5 1200 3.56
November 19.3 1150 3.42 13.1 780 2.32
December 13.7 844 2.51 9.0 555 1.65
January 14.6 895 2.66 15.2 935 2.78.
February 9.7 540 1.60 9.3 535 1.59
March 20.8 1280 3.80 18.7 1150 3.42
April 22.7 1350 L.00 23.2 1380 L.10
May 28.0 1720 5.11 27.0 1660 L.93
June 33.9 2020 6.00 3.1 2030 6.03
July 41.6 2560 7.60 36.1 2220 6.59
August 35.6 2190 6.50. 37.7 2320 6.89
September 28.4 1690 5.02 26.2 1560 4.63
Year 24.0 17459 51.84 2.4 16325 48.49

The results obtained agree in general with tank measure~
ments conducted by the Division of Irrigation 20 miles away near
Santa Ana, a general summary of whioh ia given in Table 13. Here
mwwﬂmuwmm growing with water near the surface used 36 to 42 in-
ohes annually. Tules and ocattails represented an adjusted loss

of 73 inches, willows used 45 inches, and wire rush 84 inches.

125

When it is oonsidered that 1,519 amcres of the Prado bottom lands
had a heavy tree cover oredited with being of the water-loving
type, an average oonsumptive use of 50 inches per acre cannot be

oonsidered excessive.

Results obtained through investigations described earlier
in this report are arranged for convenience in summaries to show
meteorological data and depths of water used by saltgrass, tules,
oattails, and other varietlss of native vegetation. They are

presented as Tables 39 to 41.

Tw?




TABLE 39 =
&
mxmmonsmmcmsumzvxm OF WATER BY SALTGRASS GHOWN IN TANKS,
AND PERTINENT HE'EBORGI.OGICAL DaTA
Bvapo- ¢
ration Temperature @"
from Dapth 3
Weather Mean Mean %o
Bureau maxi- mini- Pracipi- Belative water Water Refar-
Locality Poriod of record Dan mum  omum M tation Kilnd bumidity %able used ance
-]
. Inches Cr. Op, 13‘_ Inches per hour Per cent Inches Inchau Table Ho.
May 1929 - Apr. 1932 66.58 74 59 62 12.29 2.2 - 12 2,3
ta Aua, Calir May 1929 - dpr. 1932 66.58 74 49 62 12.29 2.2 - A T 2,3
® . . May 1929 - Apr. 1932 66.58 7 L9 62 12.29 2.2 - 36 Y2379 203 o
May 1929 - Apr. 1932 66.58 74 49 62 12.29 2.2 - 48 13.37 3 §
Isleta, H. Mex. June 1936 - May 1937 -~ 69 38 5 10.89 - 59 8 3159 2 £
HMasilla Valley, N. Mex. June 1936 - June 1937 79.80 7k 543 59 - - 51 1% 39.21 25
May ~ Qet. 1927 72.65 -~ - 62 L.47 4.6 40 26 17.88 3
Bscalante Valley, Utah jo7 - Oct. 1927 72.65 -- .- 62 547 4.6 40 23 22,59 1 § 4
Tune - 0ot. 1927  21.36 = - . - - - 6  17.04 32 :
June - Oct. 1928 26,04, — - - - - - 4 20.64 32 el
June - Oc%. 1930 23.04 -~ -— -— - - - b 22.44 3
June - Qet. 1931 25.68 - - - - - - 3 20.64 J2
June - Qct. 1927 2.3 - - - - - -—— 15 17.88 3
June - Oct. 1928 = 26.04 -- - - - - - 14 17.76 32
San Luis Valley, Colo. June ~ Ocet. 1930 23.05 - - - —— - - 10 18.136 3
Juns - 0o%. 1931 25.68 - - - - - - 12 23.88 32
June - Oct. 1927 21.36 = - -— - - - 25 13.32 32
June - Oct. 1928 26.04 -~ - - - - - 2 15.60 32
June - Oot. 1930 2.0 -« - - - - -— 2) 16.20 32
June - Oct. 1931 25.68 - - - - - - 25 19.08 32
Juns - Oct. 1931 25.68 - - -- -— - a= 38 16.92 32
Oot. 1926 - Bept. 1927 B80.09 -~ - 55 6.77 3.2 55 5 48.36 I
Oot. 1926 - gept. 1927 80.09 -- - 55 6.77 3.2 55 3.2, 3%
Qot. 1926 - Sept. 1927 80.09 - - -55 6.77 3.2 55 a5 18.12 3%
Los Griegos, H. Max. Oot. 1927 - t. 1928 77.65 - 54 7.03 3.1 &3 46,45
Got. 1927 - Sept. 1928 77.65 - 54 7-03 3.1 &3 16 35.16 35
Oot. 1927 - Sopt. 1928 77.65 -- 58, 7.03 3.1 43 26 22,68 35
Cot. 1927 ~ Sept. 1928 77.65 -- 5b 7.93 3.1 43 37 10.08 34 -
Jan. ~ Das. 1911 - - - 58 5.56 - - 18 48.80 a5 §g
Jan. -~ Dec. 1911 - - - 58 5.56 - -— 22 134..89 35
Owens Valley, Calif. Jan. - Deac. 1911 - - -~ 58 5.56 - - 35 540.21 35
Jan. - Deo. 1911 - - - 58 5.56 - - 46 24.61 35
Jan. - Dac. 1911 - - - 58 5.56 - -— 59 13.43 35
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mmmmcmmnmnmmmmnm
IH TANES, AND PERTINEET MRTEOROLOGICAL DATA

Byapo-
ration Tenparaturs
from
VWeathsr Msan Msan
Typs of Bureau zaxi- minil- Water Refar-
yegotation Logalit Psricd of resard pan ENm. R -Mean uﬂm [1n; used  enge .
S8 N .
Inches 2._ e B he A Inches per hour Inchss Table Ho.
May 1930 - Apr. 1931 66.00 75 48 6 11.62 2.2 Y
my 1000 D her 1o et b5 B & B 1 ] 5e
- &pr. « . . K s
Tules Santa Asa, Calif. My 1931 - Aor. 1393 63